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New Cover Design 


With this issue, the A. M. A. Arcuives or INpusTRIAL HEALTH presents a 
new cover design and a slight modification of page format. 


Two elements contribute to an attractive cover—simplicity and cleanliness. 
We believe that we have obtained the two primary objectives necessary in a cover 
design of this nature: namely, that it is attractive and that it conveys the subjective 
feeling of the unit which it represents, as well as legibility, which is important in 
this case because of the contents listing involved. This cover is fluid enough to 
attractively accommodate varying lengths of contents listing. By the use of a 
simple line or block treatment, and by placing the contents upon a white back- 
ground, we gain the maximum contrast possible, therefore, greater legibility. 


The use of the seal has several functions: Being a circle in design, it relieves 

to an extent the over-all use of lines, squares, and rectangles; it stands as a symbol 
‘ for the many years of dedicated service by an organization of the American Medi- 
cal Association’s stature in the advancement of knowledge in specialized fields, 
thus adding immeasurably to the effectiveness of the design. 


The change in page format is confined to the title, subtitle, and authors’ 
names. The change from a Coronet Bold type face to Bodoni Bold will eliminate 
the difficulty encountered when reading a formula or an abbreviation in script 
capitals. The use of Antique Italic for subtitles and Spartan Bold for the authors 
creates a desirable distinction between these parts. The arrangement realizes a 
saving in space. 

This new cover is a development of an idea. It is not the result of a sudden 
thought. First, a suggestion was presented which was nothing more than a dif- 
ferent arrangement of familiar elements. Then followed the collection of re- 
actions, suggestions, and adaitional experimentation in search for the inspiration. 
All of the separate bits of information gathered were thoroughly digested, and 
the relationship between elements was established. The result is the crystallization 
of the idea. In following this procedure, our readers and editors have contributed 
immeasurably to the end product. Their cooperation means a new design of lasting 
quality. 
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Standard for over a decade for prevention and treat- 
ment of eye infections 
More than a decade of use confirms these advantages 
of Sodium SULAMypD in the treatment and prophylaxis 
of ocular infections: 

Rapid absorption—excellent penetration of ocular 
tissues. 

¢ Promptly effective against all common eye pathogens— 
both gram positive and gram negative. 

¢ Minimizes incidence of infection after ocular trauma. 

* Little tendency to bacterial resistance. 
¢ Nonirritating to eye—virtual absence of sensitivity 

reactions. 

Repeatedly endorsed for industrial eye practice.’* 
THREE FORMS FOR YOUR CONVENIENCE: 
Sodium SULAMyYD Ophthalmic Solution 30% —for severe 
infections: 5 cc. and 15 cc. dropper bottles. 

Sodium SULAMyYD Ophthalmic Solution 10% with Meth- 
ylcellulose 0.5% —for mild and moderately severe infec- 
tions and prophylaxis: 15 cc. dropper bottle. 

Sodium SuLAMyYD Ophthalmic Ointment 10% —for 

nighttime use and for treatment of styes and lid infec- 

tions: Ye oz. tube. 

References: (1) Dickson, R. M.: Brit. J. Phys. Med. 7:77, 1944. 


(2) Collier, E.: Brit. J. Phys. Med. 6:181, 1943. (3) Mayer, L. L.: 
A.M.A. Arch. Ophth. 39:232, 1948. 
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Sodium SuLAMypD,® brand of Sulfacetamide Sodium U.S.P. 
SCHERING CORPORATION *« BLOOMFIELD, NEW JERSEY 
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PROMPT RELIEF 
IN LOW BACK PAIN 


With FLEXIN, “...17 of the 20 patients with 
post-traumatic muscle spasm of the low back had 
excellent or good responses.”’ 


AVAILABLE: Tablets, Engestic Coated, pink, 
250 mg., bottles of 36. 
Tablets, scored, yellow, 250 mg., bottles of 50. 


1. Wallace, S. L.: Zoxazolamine (Flexin) in Low 
Back Disorders, to be published. 


*U.S. Patent Pending 


Laboratories, Inc. 
Philadelphia 32, Pa. 
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ALCOHOLICS ANONYMOUS 
Written from the standpoint of a member, the basic . 
treatment procedures are described and the psychological 
All of problems confronting the alcoholic are discussed. 
these articles have 
appeared in TODAY’S HEALTH ALCOHOL AND CIRRHOSIS OF THE LIVER 
ond Relationship between alcohol, diet and cirrhosis. Increasing 
: stress on nutritional differences. 
in one pamphlet. by Russell S. Boles 
HOW TO HELP A PROBLEM DRINKER 
Understanding the alcoholic’s capabilities, the necessity of 
help, causes of his condition. 
by Edward A. Strecker and Francis T. Chambers, Jr. 
ALCOHOLISM THE TREATMENT OF ALCOHOLISM 
Tracing the steps from convincing the alcoholic that he is sick 
through treatment and cure. 
an by Lewis Inman Sharp 
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1n portant Its place among methods of treatment today, 
its development and correlation with personality factors. 
by Walter L. Voegtlin 
proble INSTITUTIONAL FACILITIES FOR THE 
TREATMENT OF ALCOHOLISM 
d li Comparative differences, in drinking, with 
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lack of trained personnel. 
' by E. H. L. Corwin 
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HOW EXPERTS MEASURE DRUNKENNESS 
| A partial transcript of an actual courtroom case. 
| H. A. Heise 
8 pages, 15 cents 
j BARBITURATES, BOOZE AND OBITUARIES 
A discussion of the dangers of mixing alcohol and_ bar- 
biturates. 
Donald A. Dukelow 
ig 4 pages, 10 cents 
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ALBERT F. BUSH, Los Angeles 


In connection with an Air Pollution Re- 
search Project being conducted by the Engi- 
neering Department of the University of 
California, Los Angeles, air samples from 
downtown Los Angeles have shown several 
new shapes of particles in very large num- 
bers. These are shapes which we have never 
encountered before in several years of sam- 


~ Recorded for publication Oct. 11, 1956. 
Associate Professor, Department of Engi- 
neering, University of California at Los Angeles. 
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Strange Air-borne Particles 


A 


pling the air in the Los Angeles Basin, and 
we are unable to explain or even guess what 
they are or from what source they could 
come. It would be interesting to know if 
anyone has ever experienced such material 
or if they have any suggestions as to the 
origin of such particles. 

Two electron micrographs of air samples 
are shown. Figure A represents the typical 
picture of particulate material in air col- 
lected in the Los Angeles Basin. Figure B 
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Figure B 


represents the unusual type of material en- 
countered while sampling between June 6 
and July 6, 1956. These samples were col- 
lected daily on a continuous 24-hour basis 
from the seventh floor level of a downtown 
building at three different points—one out- 
side the building, one in a room where the 
air is filtered through activated carbon, and 
one in a room with no air filtration. 

Continuous thermal precipitators are used 
for collection of particulate material on mi- 
croscope grids coated with Formvar. Tem- 
perature on the specimen screens under hot 
wire appears to be less than 125 F. 

After collection the specimens are shad- 
owed at an angle of 3%:1 with palladium 
metal in a 1X 10~* mm. Hg vacuum. Photo- 
graphs represent a magnification of approxi- 
mately 20,000 times. The needle-type 
particles are about the size of virus but do 
not appear to cast a shadow as the usual type 
of air-borne particles do. 


Night samples as well as day samples have 
shown the same strange material. There has 
often been a change in size of needles and 
flakes from time to time (5- to 10-fold 
change in a few hours). Sample screens 
from the precipitator which have not passed 
under the hot wire have been clear, and 
the shadowed blank specimens have also 
been clear. 

The needles and flakes continuously ap- 
peared in outside air samples, and most of 
the time in the inside air samples, over the 
period from June 6 to July 6. The omni- 
presence of the material over such a long 
span of time has been puzzling. The project 
would be very interested in any information 
which others may have on what this material 
may be and where it may come from. Ma- 
terial of the type on Figure B continued to 
appear spasmodically during July and Au- 
gust (samples for September have not yet 
been processed). 
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Millipore Filter 


Introduction 


The advantages of sampling water and 
air streams with molecular or membrane 
filters have been cited in many technical 
reports. The Millipore Filter, a membrane 
filter, is known to be highly efficient for 
collecting particles greater than approxi- 
mately 0.14 in diameter.? Since essentially 
all the particulate material is collected on 
the surface of this filter (within approxi- 
mately 10u and 50, of the upstream surface 
of the Type HA and AA filters, respective- 
ly), it is suitable for direct radiation detec- 
tion of alpha air-borne particulate material. 

The shallow depth of penetration in the 
filter and the high degree of transparency 
which can be obtained by impregnating the 
filter with immersion oil make it an excep- 
tionally good medium for filter-efficiency and 
particle-size-distribution studies. Another 
advantage is the possibility of detecting par- 
ticles in the same medium in which they are 
collected without appreciably changing the 
particle size or the size distribution. A 
silica replication of the particle collection on 
the membrane filter can be made without 
significantly altering the particles, thus pro- 
viding with an electron-micrography size 
count an accurate analysis of particles with 
diameters down to 0.005. A study of the 
radioactive particle-size distribution can be 
made, and it can be distinguished from the 
nonradioactive particle-size distribution by 
the use of membrane filters and autoradio- 
graphic stripping film. 

Optimum particle sizes for the penetration 
of material through several fibrous air sam- 


Received for publication Sept. 20, 1956. 
Presented at the Health Physics Society 
Meeting, Ann Arbor, Mich., June, 1956. 


Optimum Particle Size for Penetration Through the 


JOSEPH J. FITZGERALD, M.S., and CHARLES G. DETWILER, B.A., Schenectady, N. Y. 


pling and air cleaning filter papers were 
observed. This made it desirable to deter- 
mine the efficiency of the Millipore Filter 
for the collection of particulate material with 
particle sizes down to 0.005, and to investi- 
gate the possibility of an optimum particle 
size for total penetration. In this paper it 
will be demonstrated that 

1. There is an optimum particle size for 
total penetration through the filters. 

2. The collection efficiency for particles 
greater than Q.lp in diameter is very high 
and relatively independent of the face ve- 
locity. 

3. The collection efficiency for particles 
with diameters less than 0.1 passes through 
a point of optimum penetration at approxi- 
mately 0.02. The absolute efficiency is rela- 
tively dependent on the face velocity. 


Comment on Experimental Procedure 


An aerosol generator, based essentially on 
a design by K: E. Lauterbach,* of the Uni- 
versity of Rochester, has been modified * 
for use with the Knolls Atomic Power Lab- 
oratory particle-collection-efficiency testing 
apparatus. The aerosol generator operates 
on an atomizer principle and has been used 
in these tests to generate liquid potassium 
permanganate. Although the particles are 
generated in the liquid phase, a portion of 
the droplets solidifies while passing through 
the collection-efficiency test unit. The small 
particles solidify more readily than the 
larger particles. At the point of collec- 
tion there has been no evidence of liquid 
particles in the particle-size range of 0.005» 
to O.1p. 

The arrangement used to expose the test 
filters to the KMnQ, aerosol is illustrated 
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Fig. 1.—Schematic 


in Figure 1. The test aerosol is introduced the aerosol chamber. The filter to be tested 
to the system at the intake port (4). An_ is held between flanges in one of the isoki- 
impaction plate (C) takes out particles ex- netic sampling tubes. The exhaust end of 
ceeding 3 in diameter. The test aerosol the sampling tube holding the test filter is 
passes through the duct (D) and smoothing connected in series with a Type HA Milli- 
vanes (G) to the aerosol chamber (F). pore Filter. Another filter of this type, 
Sampling ports (1) are located at 90 de- mounted at the second port, samples the 
gree intervals around the circumference of aerosol exposed to the test filter. Since the 
the aerosol chamber. filters sample essentially in parallel, a direct 

Isokinetic sampling tubes, as shown in comparison of the aerosol collections on the 
Figure 2, pass through two-of the ports in _ two filters yields an efficiency evaluation for 
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the test filter. The efficiency is expressed as a 
function of face velocity of the air stream 
passing through the test filter with particle 
size as a parameter. The face velocity is 
varied by altering the cross sectional area 
of the test filter while maintaining a constant 
flow rate. 

The efficiency determinations for a filter 
medium do not necessitate complete knowl- 
edge of the efficiency of the standard filter 
medium, such as the Millipore filter, in order 
to make the efficiency studies more than 
relative to the standard filter medium itself. 
The efficiencies of the standard filters for 
a given set of experimental conditions 
should not vary significantly if satisfactory 
test-filter efficiency information is to be pro- 
vided. When determining the efficiency of a 
relatively high-efficiency test-filter medium, 
it is desirable that the standard filter medium 
be very efficient. This requirement is neces- 
sary to provide a significant collection of the 
aerosol on the downstream side of the test 
filter when the maximum concentration of 
the test aerosol is generated. 

The filter efficiency evaluation has been 
accomplished in two stages: (1) for 0.2 
to 2.1p particles with the light microscope 
and (2) for 0.005 to 1p particles with the 
electron microscope. 

In the light-microscope phase of the evalu- 
ation, the Millipore Filter is impregnated 
with microscope immersion oil, which ren- 
ders the filter transparent. A cover glass is 
placed over the sample, and a standard size 
count is made. A comparison of the up- 
stream and downstream size counts, cor- 
rected for scanning area, then yields the 
particle collection efficiency of the test filter 
for particles in the light-microscope size 
range. 

In the electron-microscope phase of the 
efficiency evaluation, the Millipore Filter is 
treated for a size analysis by the silica repli- 
cation method. 

In the silica replication method the silica 
film is deposited on the filter by the rapid 
evaporation in a 0.lu vacuum of approxi- 
mately 1.3 mg. of silicon dioxide or silicon 
monoxide from a coil tungsten filament. 


OPTIMUM PARTICLE SIZE FOR PENETRATION 


The filter is placed 10 cm. from the filament 
and normal to it. The evaporation must be 
done rather rapidly to avoid damaging the 
filter by the heat from the filament. Small 
pieces of the coated filter are then placed 
on a microscope specimen screen, with the 
silica film in contact with the screen. The 
microscope specimen screen is placed on a 
100 mesh screen forming a low table in a 
depression of a spot plate. Acetone is placed 
under the table from a capillary pipette until 
the level of the liquid reaches the top of the 
table but does not cover the specimen screen 
holding the sample. Capillary action carries 
the acetone up to the filter. The level of 
acetone is maintained until the filter is dis- 
solved. 

Electron micrograms are made from the 
silica replicas after selecting fields represen- 
tative of the particle-size distribution and 
concentration. Size counts are made from 
the electron micrograms. The data are an- 
alyzed in the same manner that the light- 
microscope data have been treated to estab- 
lish the particle collection efficiency in the 
electron-microscope size range. 

It is necessary to determine the particu- 
late background on unexposed Millipore 
Filter papers prior to determining the sig- 
nificance of submicroscopic particles shown 
on the electron micrograms of Millipore 
Filters exposed to the test aerosol. 


Comment on Experimental Data 


Both the Type AA and the Type HA 
Millipore Filters have been evaluated for 
particle collection efficiency throughout the 
particle-size range of 0.005» to 2.1h. The 
studies have been made at face velocities of 
10, 20, and 40 cm/sec. The data are pre- 
sented graphically in Figures 3 and 4. 

The efficiency data for the Type AA filter 
yield a family of curves, which indicate an 
optimum particle size for penetration at the 
same particle size (approximately 0.02 in 
diameter) for each face velocity tested. 
Penetration appears to increase with face 
velocity, for the face velocities tested, for 
particles less than approximately 0.1a in 
diameter in the size range observed. 
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FILTER, TYPE AA, KMnO,g AEROSOL 


PARTICLE PENETRATION THROUGH MILLIPORE 


Figure 3 


PARTICLE SIZE, IN MICRONS 


The points of maximum total particle 
penetration for the Type HA filter for the 
face velocities of 10, 20, and 40 cm/sec. fall 
between 0.022u and 0.026p. The degree of 
particle penetration for each face velocity is 
similar for both Type AA and Type HA; in 
general, however, the latter is a slightly more 
efficient filter within the limits of the tests. 

The data on the Type AA filter for the 
40 cm/sec. face velocity test in the particle 
size range of 0.01p to 0.03 are not con- 
sidered significant. However, the general 
trend of the data obtained in this particle- 


size region suggests particle penetrations 
approaching 100%. 

Within the stated face velocity limits and 
size limits of the tests, the particle collection 
efficiency for the Type AA filter exceeds 
99% for particles greater than 0.1p in di- 
ameter. For particles less than 0.01p in 
diameter the efficiency exceeds 40%. It is 
clear from the data that the efficiency has 
been most consistent and has been highest 
throughout the size range tested at the lower 
face velocities. 


Figure 4 


PARTICLE PENETRATION, IN PERCENT 


PARTICLE PENETRATION THROUGH MILLIPORE FILTER, 
TYPE HA, KMno, AEROSOL 


PARTICLE SIZE, IN MICRONS 
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OPTIMUM PARTICLE SIZE FOR PENETRATION 


MF, TYPE HA 


PARTICLE PENETRATION , IN PERCENT 


COMPARISON OF POINTS 
OF MAXIMUM PENETRATION 
FOR VARIOUS FILTERS AT 
10 cm/sec. FACE VELOCITY 


MF, TYPE AA 


To compare the points of maximum total 
penetration for different filter media, the 
particle penetration curves from several past 
studies in which KMnQ, aerosol was used 
have been combined with the Millipore Filter 
curves, each. for a face velocity of 10 
cm/sec. (Fig. 5). The fibrous-type filter 
points of maximum penetration and the 
membrane-type filter points of maximum 
penetration appear in separate groups, with 
the latter exhibiting the greater penetration. 
The maximum penetration occurs at ap- 
proximately the same particle size for each 
of the filters except Hollingsworth and 
Vose-70. 


Conclusion 


The particle collection efficiency of the 
Millipore Filter depends on particle size and 
varies with face velocity in the face-velocity 
range of 10 to 40 cm/sec. A point of maxi- 
mum total penetration of particulate material 
through the filter with respect to particle 
size has been observed. 

Although this filter has frequently been 
considered exempt from the above phenom- 
ena, it appears to have some of the same 


10 
PARTICLE SIZE IN MICRONS 


characteristics as the conventional fibrous- 
type high-efficiency filter media. Whether 
the point of maximum penetration will sig- 
nificantly distort size counts and size-distri- 
bution studies depends on the relative 
fraction of the aerosol which falls with re- 
spect to size in the maximum total penetra- 
tion size region. If a significant fraction of 
the aerosol falls within this size region, an- 
other filter medium should be substituted, or 
the face velocity adjusted, if possible, with 
the point of maximum total penetration in a 
different size region. 

The point of maximum penetration does 
not affect the application of the Millipore 
Filter as the standard filter in efficiency 
studies if the efficiency is not too low at the 
point of maximum penetration. For in- 
stance, it would be preferable to avoid using 
the Type AA filter at a face velocity of 40 
cm/sec. as a standard filter. This filter, 
however, is satisfactory for use as a stand- 
ard filter at the other face velocities tested, 
since, as previously stated, the standard filter 
effectiveness is dependent upon the relative 
filter efficiency consistency rather than the 
absolute efficiency. 
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If this filter is used to study particle-size 
distribution in the size region less than 0.1,, 
the effect of particle size on efficiency 
and the effect of the point of maximum 
penetration must be considered, and ap- 
propriate adjustments made to express the 
results adequately. 

The Millipore Filter is an excellent me- 
dium for particle-size-distribution and filter- 
efficiency studies because of (1) the shallow 
surface collection of particulate material, 
(2) the ease of rendering the medium 
transparent with immersion oil for light- 
microscopic examination of the collected 
particulate material, and (3) the applicabil- 
ity of the silica replication technique for 
subsequent electron-microscopic size-count 
analyses. However, as with other filters of 
high efficiency, certain limitations must be 
recognized in order to use the material to 
best advantage. 

Knolls Atomic Power Laboratory. 
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Accurate toxicity evaluation of rare earth 
salts following parenteral administration in 
animals is difficult. The salts precipitate 
very readily in the physiological pH ranges, 
probably as phosphates and carbonates,’ 
since the isoelectric point of these com- 
pounds is below pH 7. Studies with lan- 
thanum and other rare earths? have also 
shown that insoluble complexes are formed 
with nucleic acids. When rare earth salts 
are injected into animals, they precipitate 
at the site of injection and initiate a marked 
localized inflammatory process. The irri- 
tative changes that follow contribute to the 
picture of toxicity. With intraperitoneal 
injections, generalized peritonitis is a con- 
stant finding. It has been estimated * that 
about 15% of an intraperitoneal dose of 
lanthanum remains unabsorbed in the ab- 
dominal cavity four days after injection. On 
the basis of our own observations this ap- 
pears to be a very conservative estimate. 
Other studies * with holmium, tagged with 
Ho!*, have shown that 95% of the ele- 
ment remains unabsorbed at the site of 
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Comparative Toxicity of Stable Rare Earth 


I. Effect of Citrate Complexing on Stable Rare Earth Chloride Toxicity 
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injection from one to four days following 
administration. 

The addition of citrates to stable rare 
earth chloride solutions results in the for- 
mation of soluble complexes, stable at pH 
ranges of 8 and higher. These do not 
readily precipitate when injected into ani- 
mals. Absorption is enhanced, and inflam- 
matory reactions are absent or greatly min- 
imized. Scott* also found that complexing 
holmium with citrate increased the absorp- 
tion from the injection site 95%. In the 
studies reported here, comparisons are made 
of the acute toxicity of chlorides and 
chloride-citrate complexes of cerium, lantha- 
num, praseodymium, and neodymium. These 
were injected intraperitoneally into mice and 
guinea pigs. This report is one segment of 
a continuing study of the comparative 
toxicity of these and other rare earths and 
complexing agents. 


Materials and Methods 


The chlorides were obtained as 5.00% 
aqueous solutions from the Ames Laboratory 
of the U. S. Atomic Energy Commission. The 
complexes were prepared from the chloride 
solutions by the addition of 4% sodium citrate. 
Preliminary in vitro tests were made on blood 
serum to determine the minimum ratio of 
chloride to citrate necessary to keep the chlo- 
rides in solution in the serum. On the basis 
of these findings the ratio of 1:3 chloride to 
citrate was used in these experiments. With 
this concentration the size of the dose was not 
increased excessively. The pH of the final 
solutions was routinely measured. CFW albino 
mice weighing 20+1.0 gm. and guinea pigs 
weighing from 300 to 500 gm. were used. The 
animals were raised in this laboratory and 
maintained on a standard laboratory diet. 
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Preliminary studies in mice indicated that 
the intraperitoneal L. D.s dose range for the 
complexes was between 50 and 250 mg/kg. 
of body weight, and between 300 and 500 mg/kg. 
for the chlorides alone. Individual experiments 
for each rare earth were set up on the basis 
of these findings. These consisted of eight 
groups of six mice each. Five of the eight 
groups were injected with the complex in the 
following doses based on the rare earth chlo- 
ride: 50, 100, 150, 200, and 250 mg/kg. Two 
groups were injected with the chlorides in 
doses of 300 and 500 mg/kg. The last group, 
serving as a control, was injected with 800 mg/kg. 
of a 4% sodium citrate solution. The experiments 
were randomized and replicated five times to repre- 
sent a total of 30 animals at the various dose levels 
for each rare earth. In addition, control studies 
were made with aluminum chloride and citrated 
aluminum chloride in the same doses as those 
used for rare earths. This compound was 
chosen because of its similarity to the rare 
earth chlorides in forming trivalent colloidal, 
acidic chlorides and one whose toxicological 
properties have been extensively studied. 

Each experiment was maintained for seven 
days. During this time observations were re- 
corded on activity and appearance of the 
animals. Time of death and necropsy findings 
were also recorded. At the end of the experi- 
mental period postmortem examinations made 
on the survivors were recorded. 

In the guinea pig studies the dosage of the 
compounds, administered under sterile condi- 
tions, was calculated on an individual weight 
basis. Each experiment consisted of eight 
groups of three guinea pigs each. These ex- 
periments were also randomized and repeated 
three times for a total of nine animals at each 
dose level. On the basis of preliminary find- 
ings, the following dose levels were used in 
each experiment: Four groups were injected 
with the complex in doses of 25, 50, 100, and 
150 mg/kg. Three groups were injected with 
chloride alone in doses of 50, 100, and 150 
mg/kg. The last group served as a citrate 
and sterile technique control, using 800 mg/kg. 
of 4% sodium citrate solution. Aluminum chlo- 
ride and citrated aluminum chloride studies 
were also included in the same dose ranges 
as in the rare earth expermients. The same 
procedure for recording data was used as with 
the mice. 


Results and Conclusions 


1. Acute Toxicity Studies in Mice —The 
reaction of the animals injected with the 
complexes differed from those injected with 
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the chlorides alone. With the complexes 
there appeared to be a two-step reaction. 
Following the injection the animals devel- 
oped a moderate to severe dyspnea with 
depression that lasted about three hours. 
Within this time some of the animals treated 
with the higher doses died. An apparent 
recovery of the survivors followed. Later 
in the experimental period some of these 
animals would develop signs of lethargy and 
depression and die. Of the animals sur- 
viving the experimental period of one week, 
there was little or no outward evidence of 
toxicity in animals treated with the lower 
doses. However, mice treated at the higher 
dose levels appeared depressed, emaciated, 
and unthrifty. The severity of these re- 
actions could be correlated with dose size. 

The animals injected with the chlorides 
showed moderate depression following the 
injection but appeared to recover in a few 
hours. After two or three days signs of 
anorexia, asthenia, and progressive depres- 
sion appeared. They did not show the 
dyspnea that was so prominent in the com- 


plex groups. All the citrate control animals 


survived and appeared normal. In _ the 
aluminum series evidence of discomfort was 
noted upon injection, which passed in a 
matter of minutes. 

Most of the deaths in the complex groups 
occurred within the first six hours with a 
definite relationship between dose size and 
time of death. In contrast, deaths occurring 
in the chloride-treated animals occurred gen- 
erally beyond 24 hours. Citrated aluminum 
chloride was not toxic in doses comparable 
with the rare earth complexes. All these 
mice survived the experimental period and 
appeared normal. The toxicity of aluminum 
chloride was slightly greater than the toxicity 
of equivalent doses of the rare earth 
chlorides. A summary of the mortality dis- 
tribution is shown in Table 1. 

The L. D.s9 values were determined by 
probit analysis as outlined by Finney. These 
values with their standard errors, the 95% 
confidence limits, and the pH of the solu- 
tions injected are found in Table 2. The 
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TABLE 1.—Comparison of Mortality Rates in Mice Using Rare Earth Chlorides and 
Chloride Citrate Complexes 


Cerium 


Lanthanum 


Citrate Complex yas Citrate Complex Chloride 

Time Intervals of Death, Hr. 50 100 150 WO 250 500 § 100 150 200 250 300 
(in Mg/Kg., 30 Animals per en Level) (in Mg/Kg., 30 Animals per Dose Level) 
0 2 13 12 22 0 3 0 13 24 27 24 0 2 
7-12 0 0 5 3 1 0 3 1 3 1 0 1 3 7 
13-24 0 0 0 2 l 0 1 0 2 0 0 3 1 6 
25-168 1 3 2 2 1 ll 16 3 6 2 1 2 6 8 
Dead in one week 1 5 @ 19 ll 23 4 2:0 
Per cent dead 3 16 67 63 8 37 78 13 80 9 9 100 2 67 
Mean death time/hr. 8 50 14 14 49 9 42 70 24 
Log of death time/hr. 88 23 66 67 34 42 27 4 86 400 26 8S 24 20 

Praseody mium Neodymium 
Citrate Complex Chloride Citrate Complex Chloride 

50 100 150 200 250 300 «(500 50 100 150 200 250 300 «4500 
0-6 0 1 10 24 26 0 0 0 5 18 18 1 3 
7-12 0 3064 2 0 0 1 0 0 =(«0 0 1 2 ll 
13-24 0 Sie 0 0 0 7 0 0 i 2 1 1 2 
25-168 0 , ee | 0 0 ll M4 1 0 2 6 2 7 x 
Dead in one week 0 6 17 26 26 ll 22 1 5 21 26 22 ll 24 
Per cent dead 0 20 57 87 87 37 73 3 7 70 87 73 37 80 
Mean death time/hr. 0 2 9.7 +43 3.0 97 55 54 40 10 17 10 58 33 
Log of death time/hr. 168 &3 39 a4 39 56 36 20 


Controls: 


ide. 300 mg/kg.: 24-168 hr.. 


500 mg/kKg.: 
Sodium citrate. 800 mg/kg. Of 150 mice, all survived. 


values for the chlorides must be interpreted 
with reservations, since the chemical 
peritonitis produced by the precipitated salts 
undoubtedly was additive to the specific drug 
effects. The effects of injecting slightly 
acidic solutions intraperitoneally cannot be 
entirely ruled out. However, in comparing 
the pH of the citrated aluminum chloride 
(pH 4.3) in which all the animals lived 
with the acidity of the rare earth chlorides 
in which the pH was in the same range, 
acidity of the solutions alone was not in 
itself a factor in determining the lethal dose 
ranges. The variation in pH from sample 
to sample, as indicated in Table 2, is due 
to differences in residual acidity of the solu- 
tions prepared from oxides. The concentra- 


Aluminum  Citrated chloride. 100% survival at above dose pre 
Chlori 16 dead (53 
13-24 hr., 3 dead; 24- 168 * 26 dead (87% 


TABLE 2.—Lethal Dose Determinations of Chlorides and Chloride Citrate Complexes 
Injected Intraperitoneally in Mice 
(Dose in Milligrams per Kilogram of XCls) 


tion of rare earths was constant in all 
samples. 

Postmortem findings showed well-defined 
differences in effects produced by the com- 
plexes and those produced by. the chlorides 
alone. There were no marked differentiating 
gross changes among the various rare earths 
used except for severity of reaction. This 
was related directly to the dose size. In the 
complex groups there was a progressive 
change in reaction that corresponded to the 
two-step reaction described above. In ani- 
mals dying within about three hours after 
injection, lung edema and pleural effusion 
were constant findings. These changes could 
be correlated with the marked respiratory 


effort and dyspnea noted previously. This 


Compound H of 


Citrate 


Lanthanum 


Cerium 6.57 
Praseodymium 150 6.43 
Neodymium 150 6.30 

6.43 


Chlorides 
Cerium 60 3.78 
Praseodymium 60 5.33 
Neodymium 60 3.15 
Lanthanum 60 4.13 


Solution 


Range of Doses, L. D.sctS. E., 95% Confidence Limits, 
Kg. Meg/Kg. 


Meg/ Lower, Upper, 
Kg. 

6+ 9.7 128.6 67.1 

50—250 140.64 7.6 126.2 156.7 

50—250 138.0+16.5 94.4 201.8 

2+ 9.9 70.0 . 


300—500 353.2431.6 296.5 420.7 
300—500 358.9-+34.8 297.2 433.5 
300—500 348.34 28.2 297.2 408.3 
: 372.4+26.8 323.6 . 
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appeared somewhat similar to the reaction 
seen in animals to alpha-naphthylthiourea 
(ANTU) poisoning. In animals dying be- 
tween about 3 and 24 hours, pleural effusion, 
pulmonary hyperemia, and generalized vis- 
ceral hyperemia were seen. Marked hepatic 
congestion and edema characterized by 
thickening of the liver and rounding of the 
usually sharp edges were found. Occasion- 
ally in the higher dose levels a small amount 
of caseous precipitate of the injected salt 
was seen, which could be easily removed. 
This was generally found adjacent to the 
liver and was usually accompanied by a 
moderate increase in peritoneal fluid. Post- 
mortem examination of animals that sur- 
vived the experimental period showed only 
moderate pulmonary hyperemia, with the 
liver again appearing normal. In the higher 
doses some of the animals had adherent gray 
macular subserous patches a few millimeters 
in diameter distributed at random over the 
viscera. Infrequently adhesion of the liver 
to the diaphragm was observed. 

Animals injected with the chlorides alone 
showed no regular death-time distribution, 
as seen with the complex groups. Post- 
mortem findings were different from those 
found in the other group. In all instances, 
whether the animals died early or late in 
the experimental period, a loose caseous 
precipitate of the rare earths was found in 
the abdominal cavity, with generalized 
peritonitis and hemorrhagic (or occasion- 
ally) serous ascites. Here also the severity 
of reaction was related to the size dose ad- 
ministered. In animals living beyond 24 
hours, in addition to the caseous precipitate, 
large irregular adherent subserous gray 
patches were found over the parietal and 
visceral surfaces of the abdominal cavity. 
The distribution over the viscera was varia- 
ble from animal to animal. The commonest 
site involved was the duodenal area, with 
attic adhesions. Other areas affected in- 
cluded the bladder and sex organs, liver, 
stomach, diaphragm, and upper intestinal 
tract. In the higher doses adhesions were 
more extensive and severer, Grossly the 
liver was firmer than normal, with fixation 
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to the diaphragm and stomach, but did not 
present any specific lesions. The spleen 
showed areas of adherent precipitate over 
the surface but otherwise appeared normal. 
There was evidence of thickening of the 
renal capsule with cortical adhesions. In 
occasional animals a subserous intestinal 
hemorrhage 2 to 3 cm. long was seen. This 
did not appear to be related to site of in- 
jection. The lungs of the chloride-treated 
animals were normal in contrast to the 
hyperemia seen in the complex-treated 
groups. A comparison of mean time-mor- 
tality distribution to show differences in the 
complex and chloride groups is shown in 
the Figure. 


MEAN TIME-MORTALITY DISTRIBUTION 
of RARE EARTH CHLORIDE TOXICITY 


CITRATED COMPLEXES 


$3 8 


g 


PERCENT DEAD (Cumulative) 


TIME IN HOURS 


Comparison of mean time-mortality distribu- 
tion of mice injected intraperitoneally with rare 
earth chlorides and chloride citrate complexes. 


In the aluminum chloride contro! series 
animals in the citrated chloride groups all 
survived the experimental period and pre- 
sented no gross changes on postmortem ex- 
amination. Although the mortality rate of 
aluminum-chloride-treated animals was of 
the same order as with equivalent doses of 
rare earth chlorides, no precipitation of 
aluminum was found in the abdominal 
cavity. In occasional animals adhesions in- 
volving mainly the liver were found in the 
higher doses, but otherwise no gross lesions 
were present. The sodium citrate groups 
all survived and showed no evidence of 
change from normal animals. 

2. Acute Toxicity Studies in Guinea 
Pigs.—The reaction of guinea pigs to the 
chlorides and complexes followed essentially 
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the same pattern as in the mice. However, 
the L. D.s59 values were considerably lower 
than those found in the mice. These are 
shown in Table 3. Although the sample 
tested was smaller than with the mice, the 
results appear to be consistent. The in- 
jection of both the chlorides and the com- 
plexes produced a moderate depression. The 
animals receiving the lower doses of the 
complexes recovered in about an hour, while 
those receiving the higher doses seemed to 
remain depressed over a period of two or 
three days. In the animals injected with 
the chloride, the depression remained, with 
progressive debilitation characterized by 
asthenia, anorexia, and unthriftiness. 


COMPARATIVE TOXICITY OF STABLE RARE EARTH COMPOUNDS 


Tasie 3.—Lethal Dose Determinations of Chlorides and Chloride Citrate Complexes 
Injected Intraperitoneally in Guinea Pi 
(Dose in Milligrams per Kilogram of XCls) 


abdominal cavity, accompanied by serous or 
hemorrhagic ascites with inflammatory 
changes. In later deaths there was extensive 
peritonitis with adhesions. Numerous areas 
of petechial hemorrhages were constantly 
found in discrete isolated patches, partic- 
ularly in the vicinity of the diaphragm and 
ventral abdominal wall. These were some- 
times found also in scattered areas over the 
whole intestinal tract without specific pat- 
tern, as well as on the surface of the bladder 
and genital organs. The subserous adherent 
gray plaques of rare earth described for the 


mice were also found and involved extensive 
areas of both the viscera and the abdominal 
wall. 


Five animals died suddenly with a 


Pigs 


Compound Guinea pH of 
Pigs, Solution 
No. 
Citrate Complexes 
Cerium 36 6.4 
Praseodymium 36 6.5 
Neodymium 36 6.2 
Lanthanum 36 6.5 
Chlorides 


Lanthanum 


Range of Doses, L. D.«etS. E., 95% Confidence Limits, 
Me/Kg. Meg/Kg. Lower, Upper, 
/Kg. 
25—150 55.7+ 9.3 40.1 774 
25—150 53.04 7.7 39.9 70.3 
25—150 40.5+20.2 4.7 348.0 
25—150 60.7+17.4 17.7 207.0 


Postmortem findings were essentially sim- 
ilar to those found in the mice. Pleural 
effusion and pulmonary hyperemia were 
constant findings in the early deaths of 
animals treated with the complexes. Ani- 
mals dying later or surviving the experi- 
mental period presented a marked pulmonary 
hyperemia and a mild to moderate hyperemia 
of the abdominal viscera and parietal sur- 
faces. Isolated patches of petechial hemor- 
rhage were seen occasionally on the abdomi- 
nal wall, particularly in the vicinity of the 
diaphragm, on the sex organs, or scattered 
at random on the intestine. Small amounts 
of loose caseous precipitate were sometimes 
found in the abdominal cavity in animals 
treated with the higher doses. 

Severe changes were seen in the chloride- 
treated groups similar to those seen in mice. 
In early deaths there was a generalized dis- 
tribution of precipitated rare earth in the 


rupture along the greater curvature of the 
stomach. These included one from the 
cerium chloride group, one each from lan- 
thanum and neodymium complexes, and two 
from praseodymium complex groups. In oc- 
casional animals the stomach was found dis- 
tended with clear fluid and showed focal 
necrotic and hemorrhagic areas along the 
greater curvature, but the finding was not 
constant. A comparison of the mortality 
rates for guinea pigs, mean death time, and 
the log of death time are shown in Table 4. 

At the end of the experimental period in 
both the mouse and the guinea pig experi- 
ments, tissue sections were taken of liver, 
lung, spleen, kidney, and intestine for his- 
tological examination. In addition, blood 
samples were taken for erythrocyte and 
leukocyte counts, differential counts, coagula- 
tion time, and hemoglobin determinations. 
These results will be incorporated in a study 
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Cerium 27 4.0 50—150 103.5418.3 73.1 146.5 ag 
Praseodymium 27 58 50—150 125.0+30.0 78.2 200.0 
Neodymium 27 3.2 50—150 139.6+24.2 99.3 196.3 soe 
27 3.8 50—150 129.7+13.8 105.4 159.6 
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TABLE 4.—Comparison of Mortality Rates in Guinea Pigs Using Rare Earth 
Chlorides and Chloride Citrate Complexes 


Ceriu 
Time Intervals of Death, Hr. 


Dead in one week 


Per cent dead 
Mean death time/hr. 
Log of death time/hr. 


SERB 


0-6 
7-12 
13-24 
25-168 


Dead in one week 
Per cent dead 

Mean death time/hr. 
Log of death time/hr. 


coco 


im 


50 
Me/Ke., aniamals per Dose Level) 


Lanthanum 
Citrate Complex 
50 100 «150 


Chloride 
50 100 100 150 
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Controls: Aluminum bm chloride. 100% survival at above dose levels. 


oride. mg/kg.: 100% survival. 


00 mg/kg.: 24-168 hr., 5 dead (55%). 
BD mg/kg.: 13-24 hr., ’3 dead: 24-168 hr., 1 dead (45%). 
Sodium citrate. 800 mg/kg. Of 45 guinea pigs, all survived. 


now in progress in which the experimental 
procedure used here has been duplicated, 
except that tissue and blood studies will be 
made from specimens taken at 1, 3, and 24 
hours following injection. 


Summary 


Comparative intraperitoneal toxicity 
studies of cerium, lanthanum, neodymium, 
and praseodymium chlorides and _ their 
citrate complexes were made with mice and 
guinea pigs. These studies have shown that 
complexing the chlorides enhances the ab- 
sorption and toxicity of these compounds. 
The precipitation of the chlorides at the 
site of injection produces inflammatory 
changes that complicate interpretation of 
toxicity. Postmortem examinations indicate 
that the toxic reactions produced by 
the complexes pass through two distinct 
stages. The first is characterized by 
dyspnea and pulmonary edema; the second, 
by liver edema and portal congestion, pleural 
effusion, and pulmonary hyperemia. Toxic 
reactions from the chlorides show progres- 


sive local inflammatory changes resulting in 
peritonitis with serous or hemorrhagic as- 
cites. Findings of blood and tissue studies 
made in this series will be reported in a 
subsequent report. 


Division of Veterinary Medicine, Iowa State 
College. 
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The Electrocardiogram in Industry 


KERMIT H, GRUBERG, M.D., and GLENN MALLEY, M.D., Berkeley, Calif. 


The purpose of this study is to evaluate 
the electrocardiogram as a procedure in in- 
dustrial practice. 


Survey of recent literature reveals several 
viewpoints which are, in general, laudatory, 
establishing the electrocardiogram as a use- 
ful procedure in industry. However, Franco, 
writing in Jndustrial Medicine and Surgery 
(“Periodic Health Examination of Execu- 
tives,” Indust. Med. 19:213 [May] 1950), 
says, “The shortcomings of the electrocar- 
diogram aeed no comment here, but experi- 
ence has proved it to be a valuable part of 
the periodic examination.” The question is: 
Just what shortcomings exist? And how 
valuable a part of the periodic examination 
is the electrocardiogram ? 

The experience of industry, in general, 
is that cardiovascular disease takes the lives 
or disables men chiefly from the manage- 
ment-executive group. The Public Health 
Service Publication No. 15, entitled “Indus- 
trial Health and Medical Programs” by 
Margaret C. Klem, Margaret F. McKiever, 
and Walter J. Lear (1950), points out that 
more than 300 large corporations perform 
periodic health examinations of the execu- 
tive group, that in 1946 General Motors 
Corporation found cardiovascular disease in 
24% of 718 executives examined, that Con- 
solidated Edison Company of New York, 
in a survey of 307 executives, discovered 
25% with major abnormal findings, most 
of which were cardiovascular defects. An 
analysis of the latter company’s report 
(Franco, ibid.) reveals that four unsus- 
pected cases of myocardial damage and five 
cases of bundle-branch block were discov- 
ered in the 307 executives. Out of the five 
cases of bundle-branch block, two developed 
coronary thrombosis with clinical manifesta- 
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tions within six months. The greater part 
of the man power in the management group 
is in the degenerative disease age and seems 
to be especially prone to cardiovascular dis- 
ease and particularly to coronary disease. 

In a survey by Ethel Spears, cited in the 
Public Health Publication No. 15, out of 
333 industrial establishments surveyed, ap- 
proximately 8% use the electrocardiogram 
in examination of the supervisory and ex- 
ecutive groups. 

Trapnell and Linder, reporting in Jndus- 
trial Medicine and Surgery (“The Electro- 
cardiogram in Industry,” Indust. Med. 24: 
335 [Aug.] 1955), state, “It [the electro- 
cardiogram] has proved even more useful in 
diagnosing acute cardiac episodes which oc- 
cur at work”; these investigators feel that 
the electrocardiogram is a necessary part of 
any medical set-up in industry. Durham 
and McGee, writing in the Annals of In- 
ternal Medicine (“The Electrocardiogram in 
the Examination of the Industrial Worker,” 
Ann. Int. Med. 41:918 [Nov.] 1954), point 
out that in periodic examinations the elec- 
trocardiogram gives a base line for future 
comparisons and occasionally detects unsus- 
pected heart disease. 

Kline, writing in the 4. M. A. Archives 
of Industrial Hygiene and Occupational 
Medicine, states that a health survey is in- 
complete without an electrocardiogram and a 
Master two-step examination (“Aiding the 
Cardiac Patient in Industry,” A. M. A. Arch. 
Indust. Hyg. 3:454 [May] 1951). Kline 
took 2000 tracings and discovered the fol- 
lowing: 

209 abnormalities 

6 acute infarctions 

14 old infarctions 

16 bundle-branch blocks 

12 incomplete heart blocks 


1 complete heart block 
6 abnormal rhythms 
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An interesting observation is that by Gof- 
man, of the Donner Laboratory in Berkeley, 
writing in Industrial Medicine and Surgery 
(“Some Concepts of the Problem of Coro- 
nary Heart Disease in Industry,” Indust. 
Med. 24:151 [April] 1955) regarding the 
possibility of predetermination of coronary 
heart disease susceptibility by a study of the 
blood lipoproteins. Would this procedure, 
plus the electrocardiogram, be of use in 
attempting to detect the future coronary 
patient ? 

Franco, writing again in Jndustrial Medi- 
cine and Surgery (“The Periodic Health 
Examination,” Jndust. Med. 24:161 [April] 
1955), reports that a five-year study, from 
1949 to 1954, of the management group in 
Consolidated Edison Company of New 
York discovered a peak of cardiovascular 
disease in the age group 55 to 57 years. He 
points out the difficulty in discovering coro- 
nary artery disease until well advanced and 
maintains that latent disease is difficult to 
detect even with Master’s two-step test with 
the electrocardiogram. However, he found 


that 50% of test persons who showed ab- 
normal electrocardiograms with Master’s 
two-step progressively developed evidence of 
myocardial damage as time went on. 


Saunders, writing in the A.M.A. 
Archives of Industrial Hygiene and Occu- 
pational Medicine (“Executive Health Pro- 
grams,” A. M.A. Arch. Indust. Hyg- 9 :133 
[Feb.] 1954), includes an electrocardiogram 
in his list of minimum diagnostic procedures 
to be done in periodic examinations of ex- 
ecutives. He points out that the periodicity 
of the examination should be related to the 
person’s age and to the special strains of 
his position. He emphasizes the fact that 
an electrocardiograph in the hands of a pes- 
simistic physician can be frightening to 
many executives (here he quotes Alvarez). 

Leeds and Kroopf, writing in California 
Medicine (“The Exercise Test in Electro- 
cardiography: Detection of Coronary Artery 
Disease,” California Med. 79:36 [July] 
1953), point out that Master’s criterion for 
the detection of heart disease by means of 
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the two-step test and electrocardiogram al- 
lows for too many false positive findings in 
its present concept. They feel that, rather 
than a depression of the S-T segment of 
over 0.5 mm., one should accept a figure 
of 1.0 mm. to 1.5 mm. as within normal 
range, and that in their experience the usual 
12-lead electrocardiogram made at rest seems 
to be a greater value in the detection of 
latent coronary artery disease. They found 
that Master’s two-step test gave negative 
findings for 16 men whose electrocardio- 
grams made at rest showed coronary artery 
disease. 

Weinerman and associates, writing in the 
American Journal of Public Health (“Multi- 
phasic Screening of Longshoremen with 
Organized Medical Follow-Up.” Am. J. 
Pub. Health 42:1552 [Dec.] 1952), write 
that, in multiphasic screening examinations 
of some 4000 longshoremen in the San Fran- 
cisco Bay Area, 156 cases of cardiovascular 
disease were discovered and demonstrated 
by the electrocardiogram in which blood 
pressure and x-ray findings were negative. 
The history and physical examination were 
likewise negative. History was obtained by 
a self-administered Cornell Index examina- 
tion. The authors state that “the value of 
electrocardiograms in this particular age and 
occupational group was demonstrated.” 

Dawber and associates, writing in Circu- 
lation: The Journal of the American Heart 
Association (“The Electrocardiogram in 
Heart Disease Detection,” Circulation 5:559 
[April] 1952), have considered the use of 
a simple single-lead electrocardiogram for 
screening purposes as opposed to the com- 
plicated 12-lead procedure. They found that 
either the multiple- or the single-lead electro- 
cardiogram was reasonably reliable in ex- 
amining normal persons but unreliable when 
used on persons with known cardiovascular 
disease. They conclude that for screening 
purposes the single lead is approximately as 
reliable as 12-lead tracings. They also con- 
clude, from 2000 persons studied, that 
single-lead or multiple-lead tracings will 
miss approximately 50% of known cardiac 
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disease. This refers to all forms of cardiac 
disease. How high a percentage of coronary 
disease will be missed is almost impossible 
to guess. Recent U. S. Army autopsies on 
battlefield deaths showed a very high rate of 
undetected coronary disease in our soldier 
population, most of this being in the younger 
adult groups without previous electrocardio- 
grams. 

From the standpoint of industry the obvi- 
ous purpose of the electrocardiogram in 
periodic examinations is to detect incipient 
disease and thereby prolong the period of 
productivity of an employee by maintaining 
him in good health through the techniques 
of preventive medicine. This, of course, 
presupposes the detection of early curable 
disease or at least the disclosure of other- 
wise occult disease early enough to change 
one’s living habits to a level compatible with 
his disease. This purpose becomes more 
meaningful among the man power of the 
executive-management group, where the eco- 
nomic factor of cost of training and experi- 
ence of the employee makes him such a 
valuable asset to his company, and any pro- 
cedure which guarantees his continued per- 
formance has a high dollars-and-cents value. 

Is the electrocardiogram of value in de- 
tection of coronary disease in the absence 
of other signs and history? Does it have any 
value in predicting which person will later 
succumb to coronary disease? And just how 
reliable is a given tracing in detection diag- 
nosis ? . 

In order to obtain current opinion regard- 
ing the *use of the electrocardiogram in 
industry, a letter was sent to the Medical 
Directors of several scattered industries. 
Fourteen letters were mailed. Replies were 
received from 11 companies. The general 
form of the letter was as follows: 


I am conducting an 
investigation regarding the use of electrocardio- 
grams in industry. In connection with this study 
I should like to know generally under what cir- 
cumstances you perform electrocardiograms in 
industry? In your capacity as Medical Director 
do you, for instance, do electrocardiograms on 
your executive group? Are these done on all 
personnel over a certain age? How many tracings 


have you taken during the past several years? 
What is your percentage of cardiac abnormalities, 
backed up with the electrocardiogram, which you 
did not previously suspect by clinical examination 
or history? Do you feel that this is a valuable 
part of your preemployment or periodic examina- 
tion procedure? 

The following are pertinent extracts from 
the replies received. 

From David H. Goldstein, M.D., Medical 
Director of the New York Times, dated 
Nov. 15, 1955: 


Here at the Times we perform electrocardio- 
grams routinely as part of our executive health 
program. In addition, we take tracings on all 
candidates for preplacement examination whose 
history or physical examination suggests that an 
electrocardiogram would be of value. We also do 
tracings on all employees who, in the course of 
employment, complain of precordial or substernal 
discomfort or who have been diagnosed as cardiacs 
by our own staff or their family physician. We 
do not have an age limit. On the other hand, we 
do not take tracings on everybody. We have a 
plant population of about 4700 employees, approx- 
imately 650 of whom are women. We have done 
889 electrocardiograms in 1954, 1953, and 1952. 
I cannot answer your question regarding the per- 
centage of cardiac abnormalities found by electro- 
cardiogram which were not previously suspected 
on the basis of clinical examination. I can only 
assure you that we have found persons who have 
worked right through myocardial infarctions, 
some of which were silent. I would feel that our 
medical department was gravely handicapped if we 
were not equipped with an electrocardiograph. 

From Frank A. Calderone, M.D., Presi- 
dent of the Occupational Health Institute, 
New York: 

Specifically, in regard to the question you put 
on the value of the electrocardiogram in the 
periodic examination, we do not have much in- 
formation as to the percentage of cardiac ab- 
normalities picked up by the EKG aside from 
clinical examination or history. Frankly, it is my 
personal opinion that the use of the EKG for 
diagnostic purposes is being greatly overrated, 
and probably its greatest significance is in creat- 
ing emotional well-being of a person who be- 
lieves he is suffering from heart disease. 

I have used EKG in age groups of over 45 
when there were either clinical or symptomatic 
findings, and in special cases of persons in areas 
of high altitude or other stress environmental 
conditions where we would like to have a record 
in our files of the EKG. 
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Coming from my own experience, I have used 
EKG occasionally in conjunction. with constrictor 
drugs to get the earliest indication of cardiac re- 
action to sudden anemia. Ordinarily such con- 
strictor drugs show no changes whatever in a 
healthy heart; whereas in a heart where the 
coronary vessels are somewhat constricted, there 
is a reaction which might show potential “cor- 
onaries.” However, this is an expensive pro- 
cedure, in the stage of being developed, and I 
do not know how it can be generally put into 
practice at this time. 

From D. D. Holoday, M.D., Medical Di- 
rector of the American Can Company: 

The Medical Department of the American Can 
Company does not have an _ electrocardiograph 
machine. 

We do, however, use the electrocardiograph 
many times in our annual physical examination 
program of key personnel. Each year we give 
a physical examination to all salaried employees 
from the foreman level up, and each man is sent 
out for complete laboratory work which includes 
an electrocardiogram. 


We believe an electrocardiogram is an impor- 
tant part of any physical examination. We find 
that a comparison of the electrocardiograms from 
year to year has been of great value to us in 
picking up early cardiac changes. 


From Harold Brandaleone, M.D., Medical 
Director, Third Avenue Transit Corpora- 
tion, New York: 


We use electrocardiograms a great deal in both 
companies of which I am Medical Director. At 
the United Parcel Service, which is a delivery 
service and where heavy packages are handled, we 
have tracings on most of our employees to be 
sure of their cardiac status and to help us main- 
tain proper job placement. When a man has a 
heart disease which does not permit him to do 
heavy work, we try to find a different job for 
him. 

At the Third Avenue Transit System all 
candidates for the position of bus operator have 
preplacement electrocardiograms. All veteran bus 
operators have them periodically. We feel this 
procedure is worth the cost of time and effort. 

At the present time we are unable to give you 
any statistical data, as we are in the process of 
studying our material for publication. As soon 
as we can, we will be delighted to send any 
information we obtain. 


From Alan C. Elerding, M.D., The 
Moore-White Clinic, Los Angeles: 

In regard to the value of the electrocardiogram 
in periodic examinations in industry, I am sorry 
that I cannot give you any statistics as to its 


18 


value. However, it is the opinion of all of us 
in the department of internal medicine at this 
Clinic that the electrocardiogram is a “must” for 
the following reasons: 

1. The public, in general, is becoming more and 
more aware of the significance of the electro- 
cardiogram and feels that an examination has not 
been complete without it. 


2. In the last year I personally have seen two 
men under 30 with definite evidence of ischemia 
and injury, whose symptoms had been attributed 
to “indigestion,” “nervous stomach,” or “muscular 
strain.” It is believed that a more careful history, 
even without an electrocardiogram, would have 
made the examiner suspicious of the coronary 
arteries, but this does not make the electrocardio- 
gram any less valuable. The experience of the 
other men in the department of internal medicine 
has been similar to mine. 


3. The necessity of a yearly electrocardiogram 
in a young man has often been questioned. How- 
ever, it is felt that it is only by comparison of 
the electrocardiograms from year to year that we 
realize their full value. It is my opinion that an 
electrocardiogram read without the benefit of 
previous tracings for comparison loses much of its 
value. 

4. It is our feeling that, if a routine electro- 
cardiogram in one hundred executives uncovers 
only one case per year of coronary artery disease 
previously unsuspected, it is well worth while. 
The Clinic has taken a routine electrocardiogram 
on yearly examination since the very beginning. 
We first started doing such examinations in 1948. 


From M. Frederick Leeds, M.D., Medical 
Director, Pan American World Airways 
system: 


In answer to the principal question in your letter 
of Nov. 17, my feeling is that the electrocardio- 
gram is in the same type of category as are the 
routine blood count, urinalysis, chest x-ray, and 
physical examination. One has to do these tests 
in a fairly large number of apparently normal 
people before one comes across unexpected ab- 
normalities of a significant degree. However, my 
experience at Pan American has led me to believe 
that it is definitely a worth-while procedure in 
that we do, from time to time, discover significant 
cardiac abnormalities in electrocardiograms when 
the history and physical examination have not indi- 
cated heart disease. This is helpful, of course, in 
preemployment evaluation as well as job placement. 
In addition, it is, of course, helpful in those per- 
sons with known cardiovascular disorders in at- 
tempting to evaluate the true status of the heart. 
An electrocardiogram is done routinely as part of 
the preemployment examination on all flight per- 
sonnel, as well as their annual examinations there- 
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after. It is also part of the routine annual ex- 
amination which we do on all administrative 
personnel, which includes all ground employees 
from the rank of foreman on up. In addition, it 
is done routinely as part of the preemployment 
examination on all new ground employees 35 years 
of age or over. We also, of course, do fairly 
frequent electrocardiograms at times other than the 
routine examination if there is a medical indi- 
cation to do so in any of our employees. 

From L. E. Curtis, M.D., Medical Direc- 
tor, Standard Oil Company of California: 

The Standard Oil Company of California does 
not do any routine electrocardiograms; therefore, 
I am unable to answer the questions in your sec- 
ond paragraph. I am personally of the opinion 
that a careful history will usually reveal the exist- 
ence of prior damage to the heart almost as ef- 
fectively as an electrocardiogram. 

From R. E. Seth, M.D., Medical Director, 
Alaska Fisheries & Canneries, Seattle: 

There really have not been enough EKG’s in 
connection with our industrial examinations to 
have any statistics of any value. There have been 
several so-called “silent” myocardial infarcts de- 
tected which, as far as I am concerned, make 
the procedure as a routine worth while. I am in- 
cluding this procedure routinely wherever possible 
on all employees and executives in the job cate- 
gories from supervisors, terminal managers, office 
managers, etc. and up. I am quite sure that I 
will continue this policy. On other employees 
the EKG’s are done by indication only. 

From A. C. Ladd, M.D., United Air 
Lines, San Francisco: 

We do annual examinations on all male flight 
personnel and include an electrocardiogram in this 
examination. We also do annual examinations on 
the executives of the Corporation, and on those 
over 40 years of age we do annual electrocardio- 
grams. 

We examine all employees at age 59, and this 
also includes an electrocardiogram, This exam- 
ination is done because the employee loses the total 
permanent disability clause of his insurance at age 
60. We endeavor to anticipate any problem he 
may have at this age. 

I am sorry I do not have the figures available 
as to the percentage of abnormalities found, but 
it is my impression that we find about 5% abnor- 
malities of varying degrees in employees who 
show no clinical evidence of heart disease. 

We do feel that from a safety standpoint the 
electrocardiogram is useful as a routine procedure 
in an examination of flight crew members, al- 
though it has no prognostic abilities. 

One Medical Director of a major in- 


surance company, who wishes to remain 


anonymous, states that in his company of 
approximately 1800 employees in San Fran- 
cisco the electrocardiogram is done under 
the age of 35 only when indicated by clinical 
signs or history. Each employee on reach- 
ing the age of 35 is given an electrocardio- 
gram examination. If the electrocardiogram 
at age 35 is normal, it is used as a base 
line for future reference. If this is abnor- 
mal, the employee is referred to a private 
physician. 

Our conclusions from this study are as 
follows: 

1. The electrocardiogram is a useful pro- 
cedure in industry when used for the same 
purpose as in clinical medicine, namely, to 
help establish a diagnosis of heart disease 
when this is suggested by the history or 
physical examination. 

2. The annual periodic electrocardiogram 
as a screening device to detect coronary 
heart disease in the absence of clinical find- 
ings, symptoms, or history may be of value 
in the discovery of an occasional occult’ 
case of heart disease. 

3. The electrocardiogram may be a useful 
procedure in the prediction of the future 
coronary patient through the comparison of 
several annual tracings. 

4. A given tracing, whether single or mul- 
tiple lead, if abnormal, is reasonably reliable 
in the detection of heart disease, especially 
coronary disease. A normal tracing is not 
reliable. 

5. In view of the susceptibility of certain 
age groups to coronary heart disease, it 
appears logical to perform annual or bi- 
annual electrocardiograms on those persons 
of this age group in management who, by 
their personalities and job requirements, 
seem likely candidates for coronary disease. 
The emotional security afforded by the pro- 
tection of a normal electrocardiogram would 
be comforting. 

6. The use of an electrocardiogram at a 
certain age to establish a base line or normal 
tracing for future comparison seems reason- 
able. 


1270 University Ave. 
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Inhalation Toxicology of Methylacetylene 


HENRY J. HORN, M.D.; ROBERT J. WEIR Jr., Ph.D., and WILLIAM H. REESE, M.S., Falls Church, Va. 


Methylacetylene (propyne, propine, or 
allylene) is a colorless gas at room tem- 
perature, has the chemical formula CH3—C 
==CH, and has an odor similar to that of 
acetylene.’> Increased usage of this material 
as a propellant and in welding has prompted 
this investigation of its toxicity. 

Methylacetylene can be prepared by hy- 
dration of magnesium carbide (MgeC;).5 
In addition, treatment of magnesium carbide 
with alcohol in the presence of carbon tetra- 
chloride (CCl,) yields methylacetylene and 
magnesium alcoholates.* The formation of 
methylacetylene from the decomposition of 
isobutylene has been described,*" and a 
patent granted on the process using this 
.principle.*° The major portion of the 
methylacetylene produced in this country is 
presently derived from the pyrolization of 
the lower hydrocarbon gases, largely meth- 
ane and ethane. 

The physical constants of methylacetylene 
have been reported as follows '-4-8:15.21 ; 


Molecular- weight 40.062 
Boiling point 
Melting point —101.5—104.7 C 


Density (gas) 
Specific gravity 


1.787 mg/liter 


(liquid) D—27/4 0.6785 gm/ml. 
Refractive index 
(liquid)n 20/D 1.374 @—23.3 C 


The Raman and infrared spectra of methyl- 
acetylene have received considerable atten- 
tion and are well established.**!?:17 Methyl- 
acetylene is practically insoluble in water but 
soluble in alcohols, ethers, and other organic 
solvents.® 


Many 
have been made on the structural form of 
methylacetylene, probably because the meas- 


measurements 
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Chemical Company, New York. 
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urement of the C—C single bond distance 
(methyl carbon to acetylene carbon) is 
shorter than expected. Most authors agree 
that the three carbons and the acetylenic 
hydrogen are arranged linearly and the 
methyl hydrogens are arranged at angles. 
The explanation reached by most for the 
shorter CC single bond length is that 
resonance occurs and gives the linkage some 
of the characteristics of a double bond. At 
82 C Frank-Kamenetskii and Markovich 
report the allene content (CH2=C=CHe) 
to be 6.0%. 

Methylacetylene, due to the presence of 
the triple bond, is a comparatively active 
material which is easily saturated. It is 
readily hydrogenated to propene and then to 
propane in the presence of metal catalysts. 
1,4.6,9.16 The acetylenic hydrogen is acidic, 
permitting reaction with metals to form 
acetylides. 

Methylacetylene may be hydrated to ace- 
tone in the presence of zinc oxide, phos- 
phoric acid, or sulfuric acid as catalysts. 
13,20,32.38 Tt is easily oxidized to a hydroxy 
aldehyde and/or its acid.** Methylacetylene 
undergoes cyclization to form substituted 
benzenes under the influence of heat and a 
catalyst.2*32 Very large molecules may be 
formed by polymerization.%?7 The metal 
acetylides formed with Cu, Ag, and Hg on 
drying are explosive.’ Despite this, many 
of the analytical methods developed for the 
detection and measurement of methylacety- 
lene are based on the color complex formed 
during the reaction with these metals.'*?*: 
34,37 

Methylacetylene has been shown to propa- 
gate the most rapid flame of 37 hydrocar- 
bons studied.11 Flame velocity increases 
with degree of unsaturation and tempera- 
ture.11-2® Flame temperature of methylacet- 
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ylene is 2300 C, while that of acetylene is 
3200 C.*# 

The toxicity of methylacetylene has re- 
ceived little attention heretofore. Hender- 
son '® and Virtue ** have contributed some 
evaluation of the toxicity and pharmacology 
in their studies on the anesthetic potential 
of a series of hydrocarbons, one of which 
has been methylacetylene. Using cats and 
rats, Henderson has been able to induce a 
surgical level of anesthesia with approxi- 
mately 10% to 15% concentration of meth- 
ylacetylene. However, induction was slow, 
and spontaneous movements of the limbs 
could not be abolished even with concentra- 
tions high enough to depress respiration se- 
verely. Both species showed excess saliva- 
tion and nasal secretion during the induction 
phase. Respiration was first increased and 
then depressed. Blood pressure was raised 


until respiration was depressed, when it fell ° 


to normal levels. Cardiac irregularities were 
observed in cats. Deaths observed were due 
to respiratory depression, and autopsies dis- 
closed pulmonary congestion. Unless deaths 


occurred during the exposure, recovery was 
nearly complete in 10 minutes. Virtue was 
not able to induce surgical anesthesia and 
reports respiratory arrest at 18.7% concen- 
tration. Otherwise, he is in agreement with 
the studies of Henderson. 


Experimental Design 


Method of Exposure—In the acute exposure a 
group of 20 male albino rats was exposed to a con- 
centration of 42,000 ppm for a period of six hours. 
In the chronic study a group of 20 male albino 
rats, average weight 135 gm., and two dogs, weigh- 
ing 9.0 and 7.6 kg., respectively, were exposed 
to an average concentration of 28,700 ppm for 
a period of six months on a _ six-hour-per-day, 
five-day-per-week basis. An equal number of ani- 
mals was housed in the same laboratory to serve 
as controls. The laboratory was temperature-con- 
trolled to 25 C plus or minus one degree. The 
exposures were performed in a 500 liter, stain- 
less-steel chamber with a water-sealed lid. The 
inlet was equipped with a suitable device for in- 
jecting the vapor of methylacetylene, and the out- 
let was equipped with an orifice flowmeter, control 
valves, and turbine exhaust pump. A _ constant 
rate of flow was maintained through the chamber 


during the exposure. This rate of flow was ob- 
served and controlled with an orifice flowmeter 
and a valve. In both the acute and the chronic 
exposures the methylacetylene vapor was injected 
into the inlet of the exposure chamber at a fixed 
rate of flow from the large steel cylinders which 
contained compressed methylacetylene. A constant 
rate of flow was maintained by means of a 
reducing pressure valve and an orifice flowmeter 
which was connected to a water manometer and 
allowed constant monitoring of the flow of 
methylacetylene gas. The methylacetylene was 
mixed wtih the larger flow of room air which 
was being drawn into the exposure chamber. 

Determination of Concentration—The concen- 
tration in the chamber was determined chemically 
by drawing a known quantity of the chamber 
atmosphere through six bubblers connected in 
tandem and containing methanol. Samples were 
not drawn until the equilibration of the chamber 
concentration had reached at least 90%. The 
quantity of chamber atmosphere which was drawn 
through the bubblers was measured with a “Pre- 
cision” wet-test meter. Since the methylacetylene 
was poorly absorbed, the contents of each bubbler 
were analyzed separately; if an appreciable 
quantity of methylacetylene was found in the last 
bubbler, the samples were drawn again at a slower 
rate. The individual quantities were added to ob- 
tain the total concentration of methylacetylene 
present. In addition, blank samples were run on a 
chamber without methylacetylene but which con- 
tained the animals from the acute or chronic 
studies, in order to determine the contribution of 
animal metabolites. When expressed in terms of 
methylacetylene, the 2000 ppm blank was sub- 
tracted from the total quantity of methylacetylene 
obtained in the actual determinations. 

The method of analysis was that of Hanna and 
Siggia.* The solution from each bubbler was 
placed into a 250 ml. volumetric flask and 50 
ml. of potassium mercuric iodide plus 50 ml. of 
standard 0.5 N sodium hydroxide and made up 
to volume with methanol. This was shaken and 
a 25 ml. aliquot titrated with standard 0.5 N 
sulfuric acid using phenolphthalein as an indi- 
cator. 

The uncorrected concentration of the acute study 
was found to be 44,000 ppm, and after correction 
for the 2000 ppm blank, the true concentration 
was 42,000 ppm. The average uncorrected con- 
centration was found to be 30,700 ppm for the 
chronic studies, or 28,700 ppm after correction for 
the blank. 


Results 


Acute Inhalation Exposure.—Within the 
first seven minutes the rats became markedly 
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excited and began moving rapidly about the 
chamber. At the end of seven minutes the 
rats appeared to be lethargic and began to 
show some signs of ataxia. This was ob- 
served as a somewhat unsteady gait and 
some loss of balance. After approximately 
15 minutes of operation several of the rats 
were walking backwards and in a circle. 
One was unable to stand, and when several 
of the rats would attempt to sit on their 
haunches, they would tumble over back- 
wards. After approximately-35 minutes of 
operation there was the consistent finding in 
all the rats of gross oscillatory head move- 
ments in the anterior-posterior plane. After 
approximately 40 minutes of operation many 
of the rats were lying prone on the chamber 
floor and appeared to be unable to rise. After 
approximately 45 minutes of operation all 
the rats were lying prone on the floor, and 
there was salivation and an increase in the 
rate of respiration. After approximately 
50 minutes it was noted that the tails of the 
rats were rigid and arched forward across 
their backs. Their hind limbs were extended 
and forced backwards, while the fore limbs 
were extended forward; the head was bent 
forward.’ After 95 minutes of operation the 
animals appeared completely anesthetized, 
although they had occasional clonic move- 
ments. There was evidence of sphincter re- 
laxation with elimination of urine. There 
was no mortality when the exposure was 
terminated at the end of six hours. 

There was no change in the signs of 
toxicity during the first seven minutes after 
the termination of-the exposure, but at the 
end of seven minutes several of the rats 
were attempting to walk. They were very 
ataxic and presented the appearance of drag- 
ging their feet. At the end of nine minutes 
from termination one rat was able to walk 
fairly well but still had uncontrollable head 
movements. At the end of 10 minutes four 
rats were able to walk about with some 
ataxia and marked head movements. At the 
end of 13 minutes it appeared that one rat 
had essentially recovered. At the end of 20 
minutes most of the rats were attempting 
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to walk without clonic movements of ex- 
tremities, but the oscillating head movement 
remained. At the end of 40 minutes from 
the start of the decontamination period only 
several rats remained ataxic, whereas most 
of the others had recovered completely. 

At this time five of the rats were killed 
by pithing, and tissues were taken for gross 
and microscopic examination. The remain- 
ing 15 rats were observed for a period of 
nine days, during which time no latent signs 
of toxicity developed; at the end of that 
period they were likewise killed by pithing, 
and tissues taken for gross and microscopic 
examination. 

Chronic Exposure-—On the first day of 
the experiment marked salivation, excitabil- 
ity, and muscular fasciculation in the dogs 
and slight ataxia in the rats were noted 
within seven minutes after initiation of the 
After 13 minutes of exposure 


the dogs were observed to have ataxia and 
mydriasis. After one-half hour one dog and 
most of the rats were lying on the chamber 
floor, apparently in an early plane of anes- 


thesia. A peculiar “pecking” motion of the 
head was exhibited by the rats throughout 
the exposure. At the end of the six-hour 
exposure the animals recovered rapidly from 
the above signs of toxicity, except that one 
dog, Dog X-1, had anorexia; however, 
anorexia was not noted during the remainder 
of the experiment. 

Throughout the remaining exposures the 
signs of toxicity were as described above 
but did not seem to be quite so severe. 
Within 15 minutes after an exposure was 
started, the dogs presented the appearance 
of alcoholic intoxication. In addition, there 
was marked salivation as well as mydriasis 
and muscular fasciculations. The dogs were 
excited and walked incessantly about the 
chamber, occasionally staggering and falling 
to the floor or against the side of the 
chamber. Shortly after the termination of 
the exposure the dogs would lie quietly on 
the chamber floor. Signs were essentially 
similar in the rats; many remained in one 
position, lying either on the abdomen or on 
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TABLE 1.—Mortality, in Number of Animals and in 
Per Cent, Following Chronic Exposure of 
Twenty Albino Rats to the Vapor of 
Methylacetylene at an Average 
Concentration of 28,700 ppm 
The Exposure Period Was Six Hours per Day, 
Five Days per Week for Six Months. 
Mortality is Expressed as Cumulative 
Deaths vs. Total Time from Start 


of Exposure. 
Mortality, Mortality, 
Time, Days No. per Cent 
21 1 5.0 
34 3 15.0 
46 4 20.0 
74 5 25.0 
95 6 30.0 
102 7 35.0 
103 s 40.0 


the side, with gross tremors of the head and 
extremities. The rats appeared unable to 
maintain their balance. All animals recov- 
ered rapidly upon decontamination of the 
chamber. 

Other signs of toxicity were as follows. 
1. Tonic convulsions occurred in at least one 
of the dogs on the 22d, 110th, 123d, and 
137th experimental days. There was a pro- 
dromal syndrome consisting of hyperexcita- 
bility lasting 15 to 30 minutes, which 
terminated in a tonic convulsion of a few 
minutes’ duration. Shortly after this episode 
the dog recovered and appeared as usual 
throughout an exposure. 2. The rats were 
unthrifty after about two months of the 
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TaBLeE 2.—Weights of Animals Taken Throughout Course of the Experiment 
Dogs C=Control; Dogs X=Experimental. 


experimental time had elapsed; they were 
depressed following each exposure, and their 
fur was wet, discolored, and ruffled. 

The most significant sign of toxicity noted 
throughout the course of the experiment was 
the death of eight, or 40%, of the rats. The 
cumulative deaths are presented in Table 1. 
If these data were plotted on logarithmic 
paper and extrapolated, the 
E. T.s9 would be approximately 200 days. 
In the control group only two, or 10%, of 
the rats died. 

Table 2 presents the weights of both the 
control and the experimental animals. There 
was slight retardation in growth of the ex- 
perimental rats as compared with the control 
rats. The experimental dogs lost weight 
during the first six weeks of the experiment, 
but by the 14th week they had attained their 
initial weight and then continued to gain 
slightly until the termination of the experi- 
ment. 

Hematology.—Routine blood studies con- 
sisting of sedimentation rate, hematocrit, 
hemoglobin, and white cell count were per- 
formed on the dogs at approximately 10-day 
intervals. There was no significant altera- 
tion in these values throughout the experi- 
ment. 

Biochemistry.—Biochemistries consisting 
of icterus index, blood urea nitrogen, blood 


probability 


Weight of Dogs 


Av. Weight of Rats 


Time C-1 C-2 X-1 X-2 
Interval, Make, Male, Female, Male, Control, Experimental, 
Days Kg. Kg. Kg. Kg. Gm. Gm. 
Initial 7.6 8.9 9.0 7.6 260 280 
13 8.0 8.5 8.1 7.3 262 281 
24 7.7 8.3 8.5 74 284 298 
31 8.0 8.4 79 7.1 294 265 
38 8.0 8.4 8.3 7.5 299 283 
cai 8.0 8.2 8.0 7.3 316 283 
60 8.4 8.3 7.7 6.9 326 301 
64 8.4 8.4 7.6 7.0 326 303 
71 8.8 8.6 78 7.0 325 308 
76 8.8 9.0 8.5 79 334 313 
85 9.0 9.3 8.2 7.6 305 313 
95 9.4 9.8 8.3 7.7 333 ‘7 
102 9.5 9.7 8.5 738 344 302 
109 9.2 9.5 8.5 75 344 315 
120 9.7 9.7 9.0 84 333 307 
127 9.7 - 99 98 93 334 298 
137 9.7 10.0 9.8 9.6 332 304 
141 9.8 9.8 9.2 9.6 330 304 
48 9.9 10.0 10.0 9.6 336 289 
158 10.0 10.4 9.4 9.0 338 288 
165 10.1 10.4 9.5 9.2 340 290 
173 10.0 11.0 9.4 9.0 347 286 
179 10.0 11.2 9.7 9.3 352 289 
Terminal Q8 11.1 10.4 10.3 355 205 
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sugar, plasma chloride, and plasma carbon 
dioxide combining power were performed 
on the dogs at approximately 10-day inter- 
vals. Sulfobromophthalein sodium (Brom- 
sulphalein [BSP]) tests were done at 
various intervals throughout the course of 
the experiment; these determinations were 
performed by administering a dose of 5.0 
mg/kg. to each dog and drawing blood 
samples 15 and 30 minutes later. The per 
cent retention of BSP was determined by 
comparison with standards. Blood volumes 
were determined at termination of the ex- 
periment by injecting 1 ml. of Evans blue 
dye and drawing blood 10 minutes later for 
analysis. The results of all these biochemical 
studies were within normal limits. 


Urine Analysis —Routine urine analyses 
consisting of appearance, reaction, specific 
gravity, protein, sugar, occult blood, and 
microscopic examination of the sediment 
were performed on dogs at approximately 
10-day intervals. The results of the studies 
were within normal limits throughout the 


experiment. 

Gross Pathology.—In the acute exposure 
significant gross pathology of those rats 
killed immediately was limited to the lungs 
which appeared dark red on external surface 
and on cut section. In those animals which 
were observed for an additional nine days, 
the gross appearance of the lungs was se- 
verer, and edema was also found in at least 
four out of five of the animals. 

In the chronic exposure the gross appear- 
ance of the tissues of those rats which died 
during the course of the experiment is pre- 
sented as a general description, since six 
of the eight animals were severely autolyzed. 
The outstanding gross sign of pathology 
was noted in the lungs which, in general, 
were a dark red on external surface and on 
cut section. The lungs remained distended 
when the thorax was opened, but no edema 
fluid could be demonstrated. On palpation 
the lungs had a firm consistency. In one 
rat a purulent empyema was observed. The 
remaining organs appeared to be within 
normal limits. 
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At the termination of the experiment the 
surviving animals were killed, and the gross 
appearance of the various organs observed. 
In the rats significant pathology was ob- 
served in the lungs which remained dis- 
tended and were dark red in color. This 
coloration ranged from speckled red areas 
to a homogeneous, dark red, hemorrhagic 
appearance. The cut section of all the rat 
lungs was a homogeneous, dark red color, 
and either edema fluid or blood could be 
expressed from them. Three of the twelve 
rat lungs had cysts which contained a 
“cheesy” material. The remaining organs 
appeared to be within normal limits. The 
gross appearance of all organs in both the 
experimental and the~ control dogs was 
within normal limits. 

Microscopic Pathology. — Sections were 
made of lung, liver, kidney, heart, spleen, 
and gastrointestinal tract. In the acute ex- 
posures the changes seen were confined to 
the lungs; there was edema, bronchial con- 
traction, and alveolar hemorrhage in those 
animals killed at termination of the single 
exposure, while there was purulent bron- 
chiolitis and pneumonitis present in those 
rats held for an additional nine days’ ob- 
servation after the single exposure. In the 
chronic exposures the microscopic pathology 
showed definite pulmonary irritation in the 
exposed rats, but sections of the lungs of 
the dogs were not remarkable. It appears, 
therefore, that methylacetylene in very high 
concentration is capable of producing some 
pulmonary irritation which could progress 
to pulmonary infection. 

P.: Bex 
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Metal Are Welding 


The newer welding technique known as 
inert-gas-shielded consumable-electrode arc 
welding was first introduced about six years 
ago and has been coming into more general 
use in the past year. This new method 
introduces hazards of a kind and magnitude 
not encountered in conventional arc welding 
and requires special methods of control. 

The production of ultraviolet radiation is 
greatly increased in this operation. A shield 
of argon gas around the arc in itself doubles 
the intensity of the ultraviolet radiation, and 
with the higher current densities required, 
particularly with a consumable electrode, the 
intensity may be 5 to 30 times as great.” 
The dangers to exposed skin and eyes, as 
well as the extended spatial range of the 
hazard at such intensities, are obvious. 

Exposure to significant concentrations of 
ozone is, however, the chief hazard encoun- 
tered with this new method. In the con- 
ventional arc-welding technique the amount 
produced was minimal. Ozone is produced 
by the action of ultraviolet radiation on the 
oxygen of room air, and its production is 
proportional to the intensity of the radiation. 
Argon-gas shielding increases the production 
of ozone, and the use of a consumable 
electrode increases it further.’* The effects 
of moderate concentrations of ozone in caus- 
ing irritation of the eyes, nose, and throat, 
headache, and lethargy, as well as the serious 
pulmonary effects of higher concentrations, 


Received for publication Oct. 15, 1956. 
Presented at the Annual Meeting of the 


American Academy of Occupational Medicine, 
Cincinnati, Feb. 17, 1956. 

Assistant Director (Dr. Kleinfeld) ; Senior In- 
dustrial Hygiene Physician (Dr. Giel), and Di- 
rector (Dr. Tabershaw), Division of Industrial 
Hygiene, New York State Department of Labor. 


Health Hazards Associated with Inert-Gas-Shielded 


MORRIS KLEINFELD, M.D.; CHARLES GIEL, M.D., and IRVING R. TABERSHAW, M.D., New York 


are well known to industrial physicians.** 

Oxides of nitrogen are produced by the 
action of ultraviolet radiation on the nitro- 
gen of room air. Their production, like 
that of ozone, is proportional to the ultra- 
violet intensity but is much less in quantity. 

The metal fume generated in the newer 
processes must also be considered. The 
composition of the fumes will obviously 
depend upon the composition of the mate- 
rials welded and the impurities they may 
contain. Thus, there is a potential hazard 
from aluminum oxide in aluminum weld- 
ing, from nickel carbonyl in nickel welding, 
from chromium in stainless steel welding, 
from lead in bronze welding, and zinc 
in brass welding.® 

Despite the increased hazard, it is an- 
ticipated that the use of these newer meth- 
ods will continue to grow because of their 
manifold advantages. Shielding of the weld- 
ing arc with a stream of inert gas, such as 
helium or argon, avoids contamination of 
the weld, especially oxidation, and reduces 
discoloration, spatter, and pitting. In the 
method employing a consumable electrode, 
the latter is the same material as the base 
metal to be welded and is continuously fed 
into the weld puddle, being consumed as 
the weld is made. This method further re- 
duces pitting and spatter, produces a 
smoother weld, and is much faster, since a 
long seam can be welded without inter- 
ruption. When a tungsten electrode is used 
in the inert-gas-shielded process, the welding 
material is fed into the welding puddle sep- 
arately. Both methods require greater cur- 
rent densities, and the production of ultra- 
violet light, ozone, oxides of nitrogen, and 
metal fume is greater with the consumable 
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electrode than with the tungsten electrode 
and with argon than with helium. 

The same principle of inert-gas shielding 
of an electric arc has recently been incor- 
porated into a device for cutting stainless 
steel and nonferrous metals. Such an op- 
eration will introduce the same hazards as 
the welding operation, and since it gives a 
cleaner cut than torch methods, the use of 
this technique will probably increase. 

As a result of a recent experience in- 
volving several cases of severe ozone in- 
toxication in a plant using this new con- 
sumable-electrode technique, a medical and 
environmental study was undertaken in this 
plant as well as in two other plants using 
the same process. It is the purpose of this 
paper (a) to report the medical and environ- 
mental data; (b) to evaluate the hazards 
encountered, with special emphasis on ozone 
toxicity; (c) to discuss the problems in the 
differential diagnosis of ozone toxicity, and 
(d) to outline the control of the hazards 
likely to be encountered. 


Medical and Environmental Data 
Plant 1 


Medical.—In this plant eight men worked 
on two shifts. On each shift one welder 
and one helper worked on a consumable- 
electrode, and one welder and one helper 
on a tungsten-electrode gas-shielded metal- 
arc-welding machine. Their medical his- 
tories follow. 


Worker 1: A 5l-year-oid white man developed 
sudden severe headache, substernal oppression, 
and dyspnea while at work. An hour after leav- 
ing work his distress was such that a myocardial 
infarction was suspected, and he was hospitalized. 
On admission he was in frank pulmonary edema 
but showed no other evidence of heart failure. 
Electrocardiograms, a peripheral blood study, and 
urinalysis were normal, but a chest x-ray on ad- 
mission showed a diffuse peribronchial infiltration 
consistent with peribronchial or multilobular 
pneumonia. The patient was treated with oxygen, 
aminophylline, morphine, and penicillin. He re- 
mained in a critical condition for two days, with 
persistent pulmonary congestion, and then made 
a slow recovery during the next two weeks. A 
chest x-ray prior to discharge showed a normal 
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chest. Nine months later he still complained of 
fatigue and exertional dyspnea. 

Occupation. For the two weeks before his 
illness this patient had worked on the consumable- 
electrode arc-welding machine. Prior to that he 
had been using the conventional electric-arc tech- 
nique for the past 10 years. 


Worker 2: A 47-year-old white man _ noted 
burning of his eyes and throat for three days. 
On the third day he developed a cough, a sensa- 
tion of choking, and dyspnea. Examination dis- 
closed bronchial breathing and coarse rales over 
both lung fields. The chest x-ray showed small, 
scattered, soft infiltrations in both lung fields. 
The patient was hospitalized and treated for 
bronchopneumonia. Repeat x-ray showed complete 
clearing. He was discharged after nine days’ 
hospitalization. Nine months later he still com- 
plained of some fatigue and frequent head colds. 
Clinical examination did not reveal any abnormali- 
ties. 

Occupation. This man had worked on the con- 
sumable-electrode welding machine for three days 
on the opposite shift at the same work site as 
Worker 1. He had been a welder doing conven- 
tional arc welding for 14 years. 


Worker 3: A 31-year-old white man, after leav- 
ing work, noticed an acid taste and sudden severe 
anorexia. Later that evening he had a shaking 
chill, and his temperature rose to 102 F. He then 
developed substernal oppression and dyspnea. He 
was treated with penicillin at home, and he re- 
covered promptly. Examination on the third day 
revealed only wheezing over the right chest, but 
a chest x-ray showed mottled densities in both 
lung fields with a larger density at the left base. 
Nine days later the lungs were clear on physical 
examination, and chest x-ray was normal. The 
patient had no subsequent complaints. 

Occupation. This worker had been a welder’s 
helper in the same area where both Workers 1 
and 2 were working for two weeks, and subse- 
quently replaced the first worker on the con- 
sumable-electrode machine when the latter became 
ill. Previously he had been a welder for nine 
years. 

Four other workers (two welders and two 
helpers) in this same area had severe headache, 
lassitude, and irritation of the throat intermit- 
tently during the two weeks of operation. Only 
one of the eight workers had no symptoms. 


Environmental—The workroom in_ this 
plant was 200 by 90 by 10 ft. The actual 
welding area (60 by 40 ft.) was in one 
corner of the room. No supplementary 
ventilation was provided. One consumable- 
electrode and two tungsten-electrode weld- 
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ing machines were used in this area by the 
eight workmen on two shifts. The work 
was a special job done on nickel units which 
required use of the consumable-electrode 
machine about one-third of the working time 
on both shifts. Ozone concentrations in the 
breathing zone of the operator of the con- 
sumable-electrode machine were 9.2 ppm *; 
nickel carbonyl and oxides of nitrogen were 
negligible. A trichloroethylene degreaser 
was located about 50 ft. from the welding 
area. Air tests for phosgene in the welding 
area were negative. 


Plant 2 


Medical.—There were four welders in this 
plant; one complained of a feeling of chest 
constriction, and another of throat irritation. 
Of two helpers on the same job, one com- 
plained of occasional chest constriction. 
Clinical examination disclosed no abnor- 
malities. 


Environmental.—The workroom in this 
plant was 150 by 50 ft. and 20 ft. high. 
General exhaust ventilation from one of the 
long sides of this room was provided. Six 
men worked with one consumable-electrode 
and three tungsten-electrode machines in this 
room. The consumable-electrode machine 
was used about one-third of the time, usually 
near the side of the room with general ex- 
haust ventilation, but when large pieces were 
welded, the machine was moved into an area 
beyond the effective range of this ventila- 
tion, and no local exhaust ventilation was 
provided. All welding was on steel units. 
Ozone concentrations in the breathing zone 
of the operator of the consumable-electrode 
machine varied from 0.3 ppm, when it was 
used near the wall, to 0.8 ppm, when op- 
erated near the middle of the room. 


Plant 3 


Medical_—None of the three men on this 
job had any complaints. Clinical findings 
were noncontributory. 


Environmental.—The workroom here was 
30 by 20 ft. and 10 ft. high. Partially en- 


* Analysis was not done by our Chemical Unit. 
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closed booths were located along tne wall on 
two sides, and general exhaust ventilation 
evacuated air from these wall sides. One 
consumable-electrode and two tungsten-elec- 
trode machines were used, usually in the 
booths. When operations required welding 
in the middle of the room, a supplementary 
local exhaust hood was supplied. The mate- 
rial welded was steel. Tests at the breathing 
zone of the consumable-electrode machine, 
when used in the middle of the room, showed 
0.25 ppm of ozone in the air. 


Evaluation of Hazards 


An evaluation of the data shows a cor- 
relation between the severity of the symp- 
toms and the degree of exposure. In Plant 
1, where concentrations of ozone were great- 
est, the severity of the clinical picture was 
most pronounced. 

Complaints were less frequent and much 
less severe in Plant 2, where, despite high 
levels of ozone, the exposure was more 
intermittent. In Plant 3 there was no illness, 
although the ozone levels at times were above 
the present MAC. This level, however, was 
reached only for brief periods. 

It is significant that the clinical pictures 
presented are probably the severest yet re- 
ported. The minimal physical signs in the 
chest in the presence of symptoms and 
definite x-ray abnormalities are of interest. 
The slow recovery, requiring 14 and 10 days’ 
hospitalization in two cases, and the per- 
sistence of minimal residual symptoms for 
months after exposure have not been 
stressed in the literature. 

The absence of the ultraviolet burns in 
any of these plants may be attributed to ade- 
quate protection by goggles, masks, aprons, 
and gloves customarily worn by welders. 
That the hazard is very real without such 
protection is shown by the fact that one of 
our chemists developed definite erythema of 
the face and another a burn with subsequent 
desquamation while collecting air samples in 
Plant 2. It is noteworthy that the welders 
themselves prefer leather aprons, because 
they have noticed the rapid disintegration of 
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cotton clothing when exposed to this in- 
tensity of ultraviolet radiation. 

The absence of significant concentrations 
of oxides of nitrogen bears out the pre- 
sumption that the principal hazard is from 
ozone. The absence of toxic metal fumes 
in the three plants is largely attributable to 
the metals involved (chiefly steel). 


Diagnosis of Ozone Toxicity 


The problems in the differential diagnosis 
of ozone toxicity are best illustrated by the 
three severe cases in Plant 1. It was only 
after the third man, doing the same work 
in the same plant, became ill that an oc- 
cupational etiology was recognized. Even 
then recognition that the toxic substance 
was ozone followed only after environmental 
analysis of the working area. It is under- 
standable that the general practitioners treat- 
ing these cases entertained the diagnoses of 
myocardial infarction and bronchopneu- 
monia. 

The difficulty in the chemical determina- 
tion of ozone must be mentioned. Results 
obtained by any of the current methods 
should be viewed critically. The method em- 
ployed in our laboratory is that reported by 
R. G. Smith.? Comparison of the latter 
method with simultaneous determinations 
elsewhere with the use of other procedures 
has in general confirmed its reliability. 


Control 


The key to control is through good engi- 
neering practice, although medical measures 
can supplement it to some extent. For ex- 
ample, when symptoms are mild and sig- 
nificant exposure is suspected, precautionary 
measures, such as rest and observation, are 
of extreme value because of the well-known 
lag that may occur between exposure and 
onset. 

The environmental control of the health 
hazards associated with this operation must 
include protection not only against the gases, 
such as ozone, nitrogen oxides, and phos- 
gene, but also against other air-borne con- 
taminants, such as metal fumes and ultra- 
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violet radiation. Control of the air-borne 
contaminants can best be obtained by ex- 
haust ventilation. Local exhaust ventilation 
close to the metal arc will remove the metal 
fumes produced at the arc. However, the 
ozone and oxides of nitrogen are produced 
by the action of ultraviolet radiation on the 
air. They are not produced within the argon 
shield, because it excludes air. Since ultra- 
violet light energy is inversely proportional 
to the square of the distance from the 
source, most of the ozone and oxides of 
nitrogen will be produced a few inches from 
the shield, but significant amounts may be 
produced several feet away. The local ex- 
haust hood will, therefore, remove most of 
the ozone and oxides of nitrogen, since they 
are produced near the arc, but supplemen- 
tary ventilation is needed to remove con- 
taminants produced at a greater distance. 
Ideally, this supplementary ventilation 
should be provided by an exhausted booth 
to shield the process. If the nature of the 
operation precludes an effective local ex- 
haust hood, the booth should be enclosed. 
Other workers in the room will be pro- 
tected from ultraviolet radiation by an en- 
closed booth ; otherwise, additional shielding 
is required. Workers inside the booth should 
be protected by goggles, gloves, masks, and 
aprons. Rarely, air-supplied helmets may be 
used, where this kind of welding is done 
only briefly. 


Summary 


Inert-gas shielding of the arc and the use 
of a consumable electrode in welding are 
improvements over conventional arc weld- 
ing, but they introduce serious health haz- 
ards from the ultraviolet radiation, ozone, 
oxides of nitrogen, and metal fumes pro- 
duced in the process. 

An environmental and medical study in ~ 
three plants using this process disclosed 
three cases of severe pulmonary irritation 
due to ozone and several cases of milder 
illness. 

The three severe cases illustrate the diffi- 
culty of differential diagnosis of ozone 
toxicity. The severity of two of the cases, 
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the disproportion between symptoms, phys- 
ical signs, and x-ray changes, the delayed 
onset, and the prolonged morbidity are note- 
worthy. 

Treatment of ozone toxicity is supportive. 
Recognition of premonitory symptoms, with 
prompt removal of the worker, and limita- 
tion of physical activity are the only pre- 
ventive measures available medically. 

Control must be predominantly environ- 
mental and consists of adequate exhaust 
ventilation, both local and general, proper 
enclosure of the process, and adequate pro- 
tective devices for workers. 

80 Centre St. (13). 
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The Biological Action of Inhaled Beryllium Sulfate 


A Preliminary Chronic Toxicity Study on Rats 
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One of the first steps in the extraction of 
beryllium metal from beryl is treatment of 
the ground ore with sulfuric acid in order 
to form beryllium sulfate. In subsequent 
steps the sulfate is purified and converted 
to the oxide by calcination. During these 
operations, in certain circumstances, plant 
personnel can inhale beryllium sulfate in a 
particulate state (Williams). For this 
reason an experimental investigation of the 
biological action of inhaled beryllium sulfate 
has practical significance. 

From the point of view of biology, a study 
of beryllium sulfate presents the advantage 
that the compound is readily soluble. In 
investigations of the chronic biological ef- 
fects of beryllium products, the over-all re- 
sults of inhalation experiments conducted 
with beryllium metal fume and with the 
poorly soluble compounds of beryllium have 
been comparatively unrewarding. Thus, it 
has proved particularly difficult to reproduce 
in experimental animals the type of granulo- 
mata characteristic of the human chronic 
pulmonary disease (Schepers ?). 

The present paper records the results ob- 
tained from a series of studies on the long- 
range effects on the rat of inhaled beryllium 
sulfate. Acute and subacute toxicity studies 
on inhaled beryllium sulfate have previously 
been conducted with six species of animals 
by Sprague, LaBelle, Pettengill, and Stok- 
inger.* A total of 56 animals were studied 
for periods not exceeding 40 days. Of these 
animals only 10 were rats. While a wide 
range of biochemical, hematological, and 
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pathological criteria was explored, only the 
pulmonary reactions are relevant to the 
present inquiry. The animals showed pul- 
monary edema to a variable degree. It was 
most marked in hamsters, rats, and rabbits 
and least evident in guinea pigs. While in- 
flammatory exudate in the terminal bronchi 
and focal atelectasis characterized the lesions 
in rabbits, hemorrhages into the alveolar 
sacs occurred in the hamsters, and the rats 
showed a moderate degree of infiltration of 
the pulmonary tissues by neutrophiles and 
monocytes. These results are significant in 
that they indicate that beryllium sulfate is 
capable of provoking considerable ‘ pulmo- 
nary damage when inhaled. It should be 
noted, however, that the above studies were 
conducted with an aerosol concentration of 
90 mg. of BeSO,4H2O per cubic meter— 
a very high dosage. 

Systematic investigations into the long- 
range biological action of beryllium and its 
various compounds were initiated in the 
Saranac Laboratory in 1943 by the late Dr. 
Leroy U. Gardner. These studies have con- 
tinued without interruption until the present 
time. Three of us (T. M. D., A. B. D., and 
F. T. C.) have been associated with all 
these experiments from their onset. One of 
the projects undertaken was an inhalation 
study with beryllium sulfate. The lack of a 
toxic effect of a mist of beryllium sulfate 
inhaled by guinea pigs for three hours daily 
for periods lasting from two and a half to 
four and a quarter months has been re- 
ported by Vorwald.* The only reaction was 
the sparse production of large mononuclear 
alveolar phagocytes. 

Following the experiments in which beryl- 
lium sulfate mist failed to produce signifi- 
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cant pulmonary changes in exposed guinea 
pigs, similar inhalation studies were carried 
on with rats. Material derived from those 
studies has not been at our disposal, and 
the results to be recorded in the present 
paper are based on work subsequently con- 
ducted by means of grants-in-aid awarded to 
the senior investigator (G. W. H. S.). 


Materials and Methods 


For the experimental investigation several pounds 
of beryllium sulfate were obtained in 1949 from 
the Clifton Products, Inc., through the cooperation 
of the Atomic Energy Commission. This original 
shipment has been the source material for all the 
experimental studies with beryllium sulfate «sub- 
sequently carried on at the Saranac Laboratory. 
The material is a white, coarsely granular product 
soluble in water and on x-ray diffraction examina- 
tion yields a pattern like that reported for 
BeSOv4H:05 

The essential experimental principle comprised 
exposure of rats to an aerosol of beryllium sulfate 
in specially constructed octagonal chambers (Ur- 
ban*). All the chambers employed were identical 
in every respect. These chambers were segregated 
in a special sealed-off section of an outbuilding 
both to provide greater safety for personnel and 
to minimize the risk of accidental exposure of other 
animals. The volume of the chamber was about 
80 cu. ft. and fresh air was drawn in at the rate 
of about 8 to 10 cu. ft. per minute. Whenever 
animals were residing within the chamber, a con- 
stant supply of fresh air was maintained for 24 
hours a day. This.air was passed through a Fiber- 
glas filter, the main purpose of which was to 
guard against any contamination of the atmosphere 
in the event that, through an accident, the chamber 
air should happen to be discharged back through 
the inlet. 

To produce the aerosol, the beryllium sulfate 
was dissolved in distilled water to make a 1% 
solution, and the solution was atomized into a fine 
mist, which was introduced into the fresh air 
stream to the chamber at the point of inlet, located 
at the top center. The amount of compressed air 
used for atomization of the beryllium stilfate solu- 
tion was negligible in comparison with the total 
volume of air passed through the chamber. Smoke 
studies of the pattern of air flow revealed that 
the aerosol was uniformly diffused throughout each 
chamber. The outgoing filtered air from all the 
chambers was led into a single duct and passed 
through a final ultrafilter before being discharged 
into the atmosphere. 

At regular intervals the atmospheric concentra- 
tion of beryllium sulfate in each chamber was de- 


termined by chemical analysis. In collecting sam- 
ples for analysis, air was withdrawn from the in- 
terior of the chamber at a point just above the 
breathing level of the exposed animals and was 
passed through three fritted-disk gas washing 
bottles connected in series. Distilled water was 
used as the collecting fluid in the bottles. Most 
of the beryllium sulfate trapped by the sampling 
apparatus was recovered in the first bottle, but a 
small amount was carried over to the second and 
even to the third bottle. Routinely, the contents of 
the flasks, after the sample had been taken, were 
acidified slightly and filtered, and the sulfate was 
precipitated with barium chloride by the standard 
gravimetric method. In a few cases, as a check, 
samples were divided into two parts, one part being 
used for the sulfate determination and the other 
part for a beryllium determination by the fluoro- 
metric method of Klemperer and Martin.’ 

Some difficulty was experienced during the earlier 
part of the experiments in maintaining the con- 
centration of the aerosol at a uniform level, and 
on several occasions wide fluctuations in the beryl- 
lium sulfate content of atmospheric samples were 
observed. Usually, however, the concentration of 
beryllium sulfate in each chamber was near the 
level sought. For the whole period of each ex- 
posure phase the atmospheric concentration was, on 
the average, about 12y of BeSO, (ly of Be) per 
cubic foot of air. 

The number of animals used, their distribution 
according to strain, source, and sex, and other 
pertinent data are recorded in Table 1. As is 
evident, a total of 136 albino rats were exposed 
to the beryllium sulfate aerosol for periods up to 
six months, and a further 139 rats were kept as 
controls in a normal atmosphere in another build- 
ing. Special precautions were taken to ensure that 
the control animals would not be exposed acci- 
dentally to any beryllium. 

The Sherman rats used in the experiments were 
obtained from two separate commercial supply 
houses (Manor Farms and Sprague Dawley). The 
Wistar rats represented animals from the Saranac 
Laboratory colony which had been bred at the 
Laboratory during the past 10 years. For practical 
purposes the female animals predominated in the 
experiment, but a sufficient number of males was 
included to be sure that the effect of sex would 
not be overlooked in evaluating our results. At 
the start of the experiments the rats of the Sher- 
man strain ranged in weight between 80 and 110 
gm., and the rats of the Wistar strain between 140 
and 210 gm. 

Two basic experiments were conducted: In one 
(Study A) the period of exposure to the beryllium 
sulfate aerosol ranged from 1 day to 30 days, 
while in the other (Study B) the period was 180 
days. As part of the experiments special attention 
was given to the control animals (Studies C and 
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1—Tabulation of Rats in Experiment on the Biological Action of Beryllium 
Sulfate Aerosol 
Experimental Group: Exposed to Beryllium Sulfate Aerosol for 
Different Lengths of Time and Thereafter 
Allowed to Reside in Normal Air 


Controls : Never Exposed to Beryllium Sulfate Aerosol 


Animal Series 
Group 


No. of animals 
Strain { Sherman 
Wistar 
Sprague Dawley 
Source Manor Farms 
Saranac Laboratory 
Sex { female 
male 
Duration of exposure, days 
Average concentration of BeSO., y/cu. ft. 
Period in normal air, mo. 
Intercurrent deaths 
Under exposure 
In normal air 


Eeperimental Group Controls 
hates Exposed Animals Never Exposed 
to BeSO, to BeSO 


‘ 


D). In the first study (Study A) three groups, 
each composed of seven rats, were exposed in the 
same chamber to the aerosol for, respectively, one 
day, one week, and one month. In the case of the 
one-day exposure the beryllium sulfate mist was 
disseminated for 8 hours, but the rats remained 
in the exposure chamber for a further 16 hours. 
On removal, four were immediately killed, while 
three were allowed to live in normal air for a 
period of three months. A similar procedure was 
followed for the rats exposed for a week and for 
a month. It should be noted, however, that a week 
in this case represents an exposure to the beryllium 
sulfate aerosol of eight hours a day on five days, 
four hours on Saturday, and no exposure on Sun- 
day. These nine animals that were allowed to 
survive in normal air are not reported on in this 
study but will form the basis of a subsequent 
communication dealing with the delayed effect of 
transient exposures to beryllium compounds. 
For the 115 rats which inhaled the beryllium 
sulfate aerosol for 180 days (Study B), a sched- 
ule similar to that of Study A was followed, but, 
owing to limitations of space, the animals were 
exposed in three separate chambers, and the experi- 
ment was conducted in two phases. During the 
period while the animals were being exposed to 
the beryllium sulfate aerosol, 46 of the 136 rats 
died, and a further 29 were killed. Of the latter 
group 15 were sampled on completion of the full 
period of 180 days of exposure, and the other 14 
were killed prior to the end of the third month of 
exposure. In addition, there were the nine rats 
mentioned in the preceding paragraph. This left 
a balance of 52 rats which were transferred to 
normal air and observed for periods up to 18 
months. During this time 12 animals died, and the 


remainder were killed in the order shown in 
Table 2. 
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Of the 139 control animals 70 were of the Sher- 
man strain (Study C) and 69 of the Wistar strain 
(Study D). These animals were killed in sets of 
three or four at intervals of two months. Only 
five of the Sherman group and five of the Wistar 
group died of natural causes. The changes which 
developed in these two strains of laboratory rats 
could thus be followed over periods of 20 and 22 
months, respectively, and could be contrasted with 
the lesions provoked in the lungs of the rats which 


had been exposed to beryllium sulfate aerosol. 


Intercurrent Deaths 


Since Sprague, LaBelle, Pettengill, and 
Stokinger ® had previously demonstrated that 
animals which inhaled beryllium sulfate 
aerosol in relatively high concentrations de- 
veloped an acute form of chemical pneu- 
monitis, the prevalence of spontaneous 
deaths in our series of animals requires 
some comment. As is shown in Table 2, the 
majority of those deaths occurred during 
the first three months. The fact that no ani- 
mals from the control group died during 
this period tended to incriminate the beryl- © 
lium sulfate as a factor in the cause of 
the deaths. The majority of these animals 
died from a subacute to chronic type of 
pleuropericarditis with a tendency to chronic 
macrophage pneumonitis and multiple ab- 
scess formation. No pathogenic bacteria 
could be isolated from these lesions. Never- 
theless, in spite of these indications that the 
beryllium sulfate may have been the cause, 
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Taste 2.—Effect of Inhaled Beryllium Sulfate Aerosol on the Lungs of Rats: 
Gross Observations 


Gross Observations 


Miscellaneous Reactive 


Pulmonary 
Lesions Foci 


umors 


Period of 
Experiment, 
Mo. 


No. of 


Animals Mode of Death 


Pericarditis 


Exposure to Beryllium Sulfate Aerosol 
18 died 


5 died 
15 killed 


Pleurisy 


— 


Lymphatic 
stem 
‘umor 


Pneumonia 
Atelectasis 
Discrete 
Coalescent 
Medium 


2 
12 7 


Residence in Normal rr taal Six months, Exposure to Beryllium Sulfate Aerosol 


Ore 


{ 6 killed 


‘I 


oe o 


Figures in Columns | to 7, under Gross Observations, refer to the number of animals in which the lesion was found; in Columns 


8 to 11, to the number of tumors found. 


we are satisfied, for the following reasons, 
that the deaths represented an intercur- 
rent epizootic. First, deaths ceased rather 
promptly after sulfathiazole and sodium bi- 
carbonate were added to the drinking water 
furnished to the animals, This therapy was 
continued for a period of several weeks, 
until there were no more deaths. Second, 
the deaths were limited to animals in the 
first two chambers in which beryllium sul- 
fate exposures were maintained. In the 
third chamber, in which exposures were 
commenced several months after the ex- 
posures in the first two chambers were 
terminated, no deaths occurred during the 
full six-month period, nor were there any 
deaths in the animals exposed for a month 
in Study A. In more recent experiments 
additional sets of 10, 110, and 50 rats have 
been exposed to a beryllium sulfate aerosol, 
which had about the same concentration as 
before, for periods of nine, six, and three 
months, respectively, without losing a single 
animal. This suggests rather conclusively 
that at a concentration of approximately 


12y per cubic foot of air beryllium sulfate 
by itself does not induce either an acute or 
a subacute pulmonary inflammatory reaction. 
The possibility that the inhaled beryllium 
may have facilitated a latent virus-caused 
pneumonitis has not, however, been wholly 
excluded. In this connection it may be 
mentioned that the rats bred at the Saranac 
Laboratory have been relatively disease-free 
for a considerable time. 


Pulmonary Responses During Exposure 


Prior to the third month of exposure there 
were no pulmonary reactions other than 
those associated with the intercurrent in- 
fections. In those animals that died during 
the fourth and fifth months of exposure, 
isolated gross foci of reaction could be iden- 
tified, but they were not clearly linked to 
the inflammatory process which killed the 
animals. Histopathological changes were 
sparse and inconclusive. Mild bronchitis and 
pulmonary hyperemia sometimes occurred in 
animals which did not die from pulmonary 
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Plate I—A, foam-cell cluster: Rat 200, exposed to beryllium sulfate aerosol for six 
months, then killed; x 350. B, intra-alveolar giant foam cells: Rat 21, exposed to beryllium 
sulfate aerosol for 6 months, then in normal air 10 months; x 800. C, focal mural cellular 
infiltration: Rat 198, exposed to beryllium sulfate aerosol for six months, then killed; x 175. 
D, focus of interstitial cellular infiltration and partial fibrosis, surrounded by epithelialized 


distorted alveoli: Rat 26, exposed to beryllium sulfate aerosol for six months, then in normal 
air six months; x 65. ’ 
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disease. Also, in the other organs surveyed 
(liver, spleen, kidney, pancreas, thyroid, 
suprarenal, pulmonary and hepatic lymph 
nodes) no abnormalities could be demon- 
strated. In these organs the beryllium sul- 
fate either proved to be inert as a direct 
chemical pathogen or did not become de- 
posited in concentrations sufficient to pro- 
voke even the least cytological deviations 
commonly associated with mild metallic 
toxicity. 

In the majority of the animals killed at 
the end of six months of exposure to the 
beryllium sulfate aerosol, there were macro- 
scopically detectable multiple small grayish- 
white subpleural foci of reaction in variable 
numbers (Table 2). In most instances the 
lungs were moderately well seeded with 
such discrete lesions, and in about half the 
cases there was some tendency toward 
marginal coalescence of individual foci. On 
histological examination the macroscopically 
detectable grayish-white foci resolved them- 
selves into zones of reaction of variable 
composition. 

Foam-Cell Clusters—Collections of 
foamy macrophages in several adjacent sub- 
pleural lobules were the chief explanation 
for the macroscopically detectable lesions 
(Plate 14, B). Each of the animals killed 
at the end of six months possessed such 
foam-cell clusters (Table 3), and an aver- 
age of about three cluster units could be 
counted in single whole-lung sectioris passing 
through the midcoronal plane. There was 
considerable variation in the prevalence of 
these areas, some rats showing as many as 
eight while others had only one or two. 
There was variation also in the number of 
alveolar spaces involved in each unit, but 
in most instances it was clearly apparent 
that the foam cells had congregated within 
discrete pulmonary lobules. Marginal con- 
fluence was achieved through involvement of 
contiguous lobules rather than through spill- 
age of the reaction beyond the anatomical 
limits of individual lobules. At this early 
stage the majority of the affected areas lay 
immediately beneath the pleura. In those in- 
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foam-cell clusters were 


where 
demonstrable more centrally, they were gen- 
erally confined to lung parenchyma abutting 
on ramifications of larger blood vessels or 
bronchi. 


stances 


The foam-cell units possessed further 
characteristics worth recording. The com- 
ponent foam varied from small 
mononucleated to large multinucleated 
macrophages. The nuclear chromatin stained 
intensely, and there were large karyosomes. 
The cytoplasm was relatively excessive 
and somewhat granular, and the vacuoles 
which usually impart to such cells their 
foamy character were as yet relatively 
small. The foam cells were not yet crowded 
together excessively, but in most cases 
each alveolar space within these unit areas 
possessed two or more cells per plane of 
section. The cell boundaries were exception- 
ally sharply defined. 

The presence of such foam-cell-filled 
lobules, though arresting in appearance, does 
not yet constitute a specific type of pulmo- 
nary reaction, as similar cell clusters have 
been described by other authors (Innes, 
McAdams, and Yevich*). We have ob- 
served this phenomenon in inhalation ex- 
periments with amorphous silica dust, 
though the foam cells do not usually occur 
in quite such abundance as was seen in the 
present instance. In the normal control ani- 
mals (Table 4) isolated foam-cell clusters 
occurred only rarely. 

Focal Mural Infiltration—-At numerous 
points within the lungs the alveolar walls 
were thickened either by proliferation of the 
cells lining the alveoli or due to infiltration 
by macrophages. The occurrence of such 
foci of mural infiltration was sometimes re- 
lated to areas where foam-cell clustering was 
also present. However, foam-cell clustering 
occurred in some instances without any as- 
sociated mural thickening. On the other 
hand, thickening of the walls unaccompanied 
by foam-cell clusters was also observed. In 
enumerating the foci of mural infiltration 
for the purpose of constructing Table 3, 
only those foci were recorded in which no 
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TaBLe 4.—Rate of Occurrence of Pulmonary Lesions in Rats Residing in 
Normal Air Only 


Pulmonary Lesions* 


No. 


Age, Mo. Dominant 
Female Lesion* 


8. D. 
M. F. 


Wistar strain 


il 


8. L. 


8. L. 


8. L. 


8. L. 8 


Foam-Cell 
Clusters 


Lobular Proliferations 


Mural Infiltrations 
of Septal Cells 


(Focal) 
Focal Metaplasia 


Epithelialization 
of Peribronchial 
Alveoli 
(Alveoli) 
Granulomata 
Neoplasmata 


Abscess 
Bronchiectasis 


Explanations of Abbreviations: 


Exudation into alveoli 


8. L. = oi 
*The figures in the column under Dominant Lesion refer to the number of animals exhibiting each dominant lesion, and gures 
in the columns under Pulmonary Lesions refer to the total number of lesions seen in all animals killed. r. arden 


foam-cell clusters were present. Such iso- 
lated zones of mural infiltration occurred 
oftenest in peribronchial or periductal 
alveoli (Plate IC). No stromal elements 
could be identified, the mural thickening 
being due to cellular elements. Generally, 
too, the infiltration produced no gross dis- 
tortion of the peribronchiolar alveolar 
spaces, but occasionally some atelectasis with 
resultant focal consolidation supervened 
(Plate ID). As may be inferred from Table 
3, this phenomenon was as yet infrequently 
observed in the animals killed at the end 
of the six months’ period of exposure. In 
the control rats of approximately equal age 
comparable foci Wf mural cellular infiltra- 
tion were rarely seen. 

Epithelialization of Peribronchial Alve- 
oli—Next in extent, but probably no less 


significant in importance, was the multifocal 
epithelialization of peribronchial alveolar 
spaces. In most instances this epithelial re- 
action commenced unilaterally in relation to 
an alveolar duct (Plate IIA), but in other 
areas it surrounded the bronchioles (Plate 
IIB). The epithelium covering the surfaces 
of these alveoli tended to assume a low 
cuboidal character. The nuclei were closely 
crowded and tended to be relatively pyknotic. 
Sometimes the affected alveoli appeared to 
be somewhat atelectatic; at other times they 
seemed to be distended. Foam cells and 
macrophages were often seen within such 
alveolar spaces, but in other instances the 
alveoli were empty. There was no tendency 
at this stage for these alveolar epithelial 
cells to be shed. An indisputable connection 
between the alveolar ductal epithelium and 
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Plate II1.—A, alveolar spaces lined by highly cellular cuboidal epithelium undergoing dis- 
tortion and distention (note foamy macrophages): Rat 42, exposed to beryllium sulfate 
aerosol for six months, then in normal air six months, then killed; x 350. B, parabronchial 
evagination of bronchial epithelium: Rat 198, exposed to beryllium sulfate aerosol for six 
months, then killed; x 175. C, lobular proliferation of alveolar wall septal cells: Rat 144, 
exposed to beryllium sulfate aerosol for six months, then killed; x 65. D, cytological detail of 
part C: Rat 143, exposed to beryllium sulfate aerosol for six months, then killed; x 800. 
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the new epithelium could be demonstrated 
in some areas; in other instances the two 
systems did not appear to be continuous 
with each other, although serial sectioning 
will have to be resorted to before such a 
connection can be ruled out. Where the 
epithelialization ended, it generally did so 
abruptly, so that an alveolus could some- 
times be seen to be partly lined with cuboidal 
cells and partly devoid of any epithelium. 
One to three such foci could be demonstrated 
per midcoronal whole-lung section in each 
of the rats killed at the end of six months 
of exposure to the beryllium sulfate aerosol. 

No epithelializations of alveolar walls 
could be demonstrated in rats of comparable 
age from the control series. It should be 
noted that in man and other animals 
epithelium sometimes forms in lung areas 
which have been isolated by a process of 
fibrosis. Typical examples of this type of 
epithelialization have also been observed in 
animals exposed at the Saranac Laboratory 
to oil smoke. In the present series of ani- 
mals there was no indication that the 
epithelialization of the alveolar walls was 
due to isolation of the affected areas. 

Lobular Proliferations of Septal Cells — 
A fourth distinctive type of lesion was dis- 
covered at the end of the six months’ period 
of exposure to beryllium sulfate. It man- 
ifested itself as discrete lobular prolifera- 
tions of alveolar wall surface cells. Under 
iow power these foci were readily discerni- 
ble by virtue of the relative prominence of 
the chromatin and the close crowding of the 
multiplying cells lining the alveolar walls 
(Plate IIC). At the edge of each focus 
of proliferation there was an abrupt zone 
of transition to the normal pulmonary 
parenchyma. It was noted that the alveolar 
spaces were not significantly occupied by 
cells, though an occasional macrophage oc- 
curred here, and some of the proliferating 
cells could be seen in the process of being 
shed into the lumen (Plate IID). In some 
cases several of these centers of proliferation 
could be demonstrated per midcoronal whole- 
lung section, while almost every rat pos- 
sessed at least one such area. 


In the control series no comparable lesions 
could be demonstrated. 

Focal Metaplasia of Alveolar Walls.—In 
one of the rats killed at the end of six 
months of exposure to the beryllium sulfate 
aerosol, three areas were found in a whole- 
lung section taken through the midcoronal 
plane in which alveolar walls had become 
the seat of focal metaplasia. The cells were 
of an unusual type, and nothing comparable 
was seen in the control series. 

Granulomata.—Three small granulomata 
were found in one of the animals killed at 
the end of six months of exposure to the 
aerosol. They were near the pleura and 
were composed of macrophages and plasma 
cells with interposed crystal clefts. Such 
granulomata were observed in an occasional 
control animal but never in rats less than 
18 months of age (Table 4). 

Neoplasia.—At least one indisputable 
adenoma and several other probable ade- 
nomata were demonstrated in the rats killed 
after six months of exposure to the 
beryllium sulfate aerosol. In one instance 
focal epithelial proliferation had exceeded 
a benign cytological condition to such an ex- 
tent that the lesion simulated an early 
papillary adenocarcinoma: The cells cover- 
ing the distorted alveolar spaces showed 
many mitotic figures, and those surface cells 
which were observed within the spaces re- 
sembled neither macrophages nor foam cells, 
and probably represented desquamating neo- 
plastic elements. The tumor tissue invaded 
the surrounding parenchyma, there being no 


capsule. No neoplasia was observed in the 
control series of rats. 


Postexposure Sequelae 


Contrary to expectation, the pulmonary 
reaction, which had developed toward the 
end of the six-month period of exposure to 
the beryllium sulfate, did not subside when 
this nocuous stimulus was withdrawn. Not 
only was there a progressive increase in the 
frequency of the changes observed in ani- 
mals killed when the exposure phase was 
terminated, but additional features made 
their appearance. 
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It is of interest to note that significant 
signs of pulmonary infection disappeared 
soon after the animals were placed in nor- 
mal air (Table 2). 

The macroscopically detectable foci of re- 
action were observed in increasing numbers 
and later were seen in all animals. Each 
focus tended to become somewhat larger, 
and confluence of distinct units came to be 
a universal feature until about 14 months 
after the animals had been transferred to 
normal air. Thereafter individual foci be- 
came smaller and were inclined to be dis- 
crete. 

The most outstanding development con- 
cerns the appearance of visible and palpable 
tumors of increasing size. During the first 
four months of the postexposure period 
isolated tumors were detected in the hilar 
lymph nodes. Thereafter, and until the end 
of the 18-month period of survival in nor- 
mal air, pulmonary tumors were found in 
increasing numbers in the animals which 
were serially autopsied. Not all the rats de- 
veloped macroscopically detectable tumors. 
Some, on the other hand, showed several 
discrete growths of different size in one or 
more lobes of the lungs. Though it re- 
mained for histological examination to prove 
the neoplastic nature of these nodular 
lesions, the majority had the gross features 
of new growths. 

On histological examination of the lungs 
of these animals (Table 3) the further de- 
velopment of the lesions which were present 
at the end of the six months of exposure 
to the beryllium sulfate could be followed. 

Hyperemia had disappeared. At later 
stages there was even a tendency to relative 
ischemia. Emphysema of the atrophic 
vesicular variety made its appearance in in- 
creasing numbers of animals but did not 
affect all the rats. Bronchitis was found 
sporadically throughout the period, and foci 
of metaplasia of the bronchial epithelium 
were found in a few of the rats after the 
ninth month of residence in normal air. 
At various points, but particularly in alve- 
olar spaces immediately beneath the pleura, 
spindle-shaped crystals were detected. The 
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nature of these crystals could not be deter- 
mined, but their optical properties suggested 
that they were composed of cholesterol. In 
some instances these crystals were embedded 
in alveolar walls, and at other times they 
were found within some of the granulomata. 
Similar crystals have occasionally been ob- 
served in rats never previously exposed to 
beryllium sulfate. 

Foam-Cell Clusters Increasing numbers 
of pulmonary lobules became occupied by 
foam cells, the incidence per rat lung of 
these units reaching a peak toward the 
seventh month in normal air. At this stage 
a distinct change set in, and in animals killed 
in subsequent months progressively fewer 
foam-cell clusters were discovered (Fig. 1), 
and each unit became smaller. 

During the phase of increasing prevalence 
of the foam-cell areas the individual cells 
grew in size and increased in number until 
each alveolar space became virtually choked 
with these cells. At the same time the cyto- 
plasmic vacuoles expanded. These units 
were found in greater number also in re- 
lation to bronchioles and alveolar ducts, al- 
though the tendency to form subpleural foci 
persisted. It is in the latter locations par- 
ticularly that confluence of cells and in- 
filtration of alveolar walls first became a 
conspicuous associated phenomenon. With 
the breakdown of the cell boundaries, nu- 
clear and cytoplasmic debris collected within 
the alveolar spaces, and sharp crystals could 
be seen with fair regularity. 

The greater prevalence of mural infiltra- 
tion at these sites suggests a causal relation- 
ship or a common etiology. It is possible 
that products of degeneration of these foam 
cells became incorporated into the alveolar 
walls. Soon crystals also appeared in the 
walls, and cellular granulomata formed in 
relation to them. The latter phenomena were 
most marked during the phase of decreasing 
prevalence of the foam-cell units. It is likely 
that the clusters ultimately disappeared, both 
because no new lesions were created and 
also on account of the progressive bréak- 
down of the foam cells and the resorption 
of the resultant detritus. 
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DELAYED EFFECTS OF INHALED BERYLLIUM SULFATE 


ON THE 


DATA FOR 84 RATS EXPOSED 
TO BeSO,g UP TO 6 MONTHS 
AND FOR 52 RATS EXPOSED 
FOR 6 MONTHS AND THEN 
TRANSFERRED TO NORMAL 
AIR 


RELATIVE 

PREVALENCE RATE OF 
(a) GRANULOMATA 
(b)FOAM CELL CLUSTERS 
(c) FOCAL MURAL 

CELL INFILTRATIONS 
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LUNG OF THE RAT 


GRANULOMATA 


Fig. 1.—-Graph showing 
the evolution and subse- 
quent regression of foam- 
cell clusters, focal mural 
infiltration, and granulo- 
mata in rats exposed con- 
tinually to a_ beryllium 
sulfate aerosol for 6 
months and thereafter re- 
siding in normal air for 
periods up to 18 months. 
The curves are based on 
the comparative preva- 
lences of the lesions in a 
single midcoronal histo- 
logical section of the 
lung. 


EXPOSURE BeSO, 
months 


A total of 11 small foam-cell clusters 
were found in the lungs of the 139 rats of 
the control series, It is of interest to note, 
too, that these cells were most prevalent 
between the 7th and the 18th month of the 
life of the normal rats. 

Focal Mural Infiltrations—Focal mural 
infiltrations increased and later decreased in 
numbers in a manner roughly parallel to 
the course followed by the foam cells. As 


io 4 6 


PERIOD IN NORMAL AIR 
months 


shown in Figure 1, mural infiltration con- 
tinued to lag behind foam-cell production 
as a temporal phenomenon. This relation- 
ship may have an etiological significance in- 
sofar that foam cells became progressively 
associated with these regions of mural in- 
filtration. As the infiltrated areas mostly 
occurred periductally, they lay on the route 
along which foam cells may have been 
evacuated from the lung parenchyma. The 
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slight degree of ductal stenosis associated 
with the focal mural infiltrations may have 
retarded the egress of the large foam cells 
so that they accumulated temporarily in the 
pulmonary lobules. 

Focal interstitial cellular infiltration also 
occurred without undue participation of 
foam cells. In some instances a_ small 
amount of collagen could be demonstrated 
among the infiltrating cells, but generally 
the alveolar walls remained cellular. This 
fact largely acgounts for the subsequent dis- 
appearance of lesions. 

There is, of course, no proof that in the 
animals killed after, say, the 10th month 
in normal air there had previously been 
greater numbers of foam-cell units and 
mural infiltrations than were found at later 
stages. Such a point can be settled com- 
pletely only by means of serial biopsies in 
the same animals, obviously a technically 
difficult procedure. The curves of in- 
crementation and regression at least suggest 
that we are dealing here with evanescent 
lesions which reflect retarded pulmonary 
responses to the preceding six months of 
irritation by the beryllium sulfate aerosol 
or which may represent a rebound histo- 
pathological change caused by the with- 
drawal of the pathogenic agent. 

Peribronchial Epithelialization of Alve- 
oli.—The fate of the epithelializations of 
the periductal alveoli and the sequelae of 
the lobular alveolar wall septal-cell prolifera- 
tions may now be traced. As is shown in 
Figure 2, the epithelialized type of lesion 
rapidly became more prevalent with the 
passage of time and reached a peak pro- 
duction toward the end of eight months 
after the rats were removed from the beryl- 
lium sulfate environment. Thereafter epi- 
thelialization diminished as a_ histological 
sign with the same rapidity, so that ulti- 
mately it was but rarely encountered. Like- 
wise, the extent of the lesion first increased 
and thereafter decreased. At the stage of 
maximum productivity the epithelialized 
alveolar spaces frequently surrounded the 


bronchioles almost completely. Two types 
of reaction appeared in some rats. In the 
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one type of epithelium the nuclei were 
pyknotic, and the cytoplasm scanty. In the 
other type the epithelial cells possessed a 
more abundant acidophilic cytoplasm. It is 
possible that infection may have been a fac- 
tor in bringing about these differences, as 


neutrophile polymorphonuclear leucocytes 
were commoner in the lesions of the latter 
type of reaction. 

What happened to the epithelialized areas 
after the phase of their peak production de- 
serves some inquiry. At earlier stages the 
epithelium often appeared to be fully differ- 
entiated, even possessing <ilia (Plate IIIA). 
These cilia were not observed at later stages. 
It is quite possible that at least some of the 
epithelial cells were later desquamated. In 
many animals such areas of denudation 
could be found between zones of epitheliali- 
zation, and it is conceivable that with the 
passage of time all such newly formed epi- 
thelium was discharged into the respiratory 
passages. At several sites it would seem as 
if individual epithelial cells budded off to 
become freely roaming spherical alveolar 
cells. In yet other instances such epithelial 
cells may have participated in the formation 
of giant cells after the relevant alveoli had 
become completely atelectatic. In yet further 
instances the epithelial cells became in- 
corporated within areas of interstitial fibro- 
cellular reaction and, through resorption of 
trapped air spaces, became reduced to mul- 
tiple circular foci of dark-staining cells 
within a dominantly stromal area (Plate 
IIIB). These are the regressive changes. 
In a small proportion of cases epithelial 
proliferation appeared to have proceeded vir- 
tually autonomously with the formation of 
papillary processes and secondary acinar 
recesses (Plate IIIC). The borderline be- 
tween neoplasia and simple hyperplasia 
could be drawn only with difficulty in many 
such instances and not at all in others. 

Epithelialization of the foregoing type did 
not develop in the rats of the control series 
during the full period in which they were 
under observation. 

Septal-Cell Proliferation—The lobular 
foci in which alveolar septal cells under- 
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Plate III—A, ciliated cuboidal epithelium lining atrophic peribronchial alveoli: Rat 


42, exposed to beryllium sulfate aerosol for six months, then in normal air six months, then 
killed; x 800. B, remnants of epithelialized alveoli trapped within a fibrocellular focus; meta- 


plasia to solid cords: Rat 20, exposed to beryllium sulfate aerosol for six months, 
then in normal air 10 months, then killed; x 300. C, metaplasia in foci of epithelialization of 
alveolar spaces; transition from cuboidal to pseudostratified epithelium, incipient papilloma 
formation, and stromal invasion: Rat 20, exposed to beryllium sulfate aerosol for 6 
months, then in normal air 10 months, then killed; x 350. D, circular foci of squamous meta- 
plasia and possibly incipient carcinomatosis originating around macrophages and foam cells: 


Rat 27, exposed to beryllium sulfate aerosol for 6 months, then in normal air 18 months, 
then killed; x 350. 
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went proliferation did not change their 
character much as time passed. These 
lesions increased but slowly in over-all 
prevalence and reached a climax only after 
about 15 months from the time of cessation 
of the beryllium sulfate exposure. In at 
least some cases they were the source of 
pleomorphic types of alveolar cells. Not 
much stroma appeared to have developed in 
relation to them. It is suspected that in at 
least some instances these focal prolifera- 
tions were the source of certain of the 
tumors which developed in these animals. 

No comparable lesions were observed in 
the control series. 

Focal Metaplasia.—At isolated foci in the 
lungs of the animals autopsied six months 
and longer after the exposure to the beryl- 
lium sulfate had been discontinued, foci 
of metaplasia of the alveolar lining cells 
could be demonstrated. In some instances 
there was squamous metaplasia (Plate 
IIID). At other sites ciliated columnar or 
pseudostratified epithelium predominated. 
Though these lesions were not numerous, 
their significance as precursors to neoplasia 
must be recognized. This metaplasia was 
entirely different from that often found in 
rats with chronic bronchiectasis and sup- 
puration (Passey, Leese, and Knox ®). 
Comparable metaplasia was not observed in 
the control series. 

Granulomata.—There can be no doubt that 
the present study yielded a_ particularly 
bountiful crop of granulomata in the ex- 
posed animals. Viewed as an objective of 
the study, this result was a very desirable 
one, because for the past 12 years it has 
been an endeavor of the Saranac Laboratory 
to reproduce experimentally in animals the 
pulmonary granulomata characteristic of a 
chronic disease exhibited by some industrial 
workers exposed to beryllium compounds. 
The evolution of the granulomata produced 
in the rats by the beryllium sulfate ex- 
posure is outlined in summary form in 
Table 3 and Figure 1. Attention should be 
drawn to the fact that, with the exception 
of the three instances found in animals at 
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the end of the six-month period of exposure 

to the aerosol of beryllium sulfate, the 
granulomata made their appearance only 
after this exposure had been discontinued. 
In their time of onset they thus lagged 
behind the phenomena of both foam-cell 
production and mural infiltration. However, 
there is seemingly close biostatistical cor- 
relation among these three phenomena, 
which may signify a common mechanism 
of pathogenesis. In fact, it would appear 
that most of the granulomata had evolved 
within alveolar walls when products of the 
degeneration of foam cells became con- 
centrated among the infiltrated macrophages. 
At least some granulomata appeared also to 
have arisen in relation to de-aerated alveolar 
spaces within foam-cell units. 

In essence, each granuloma consisted of 
a central core of large macrophages and a 
superficial thin zone of plasma cells. In 
most instances, too, a layer of cuboidal or 
flat cells covered the surfaces of granulomata 
which faced alveolar spaces. Although crys- 
tals were not universally present, they could 
be found within individual granulomata 
even at the end of 18 months from the 
time of cessation of the beryllium sulfate 
exposure (Plate IVA). A marked tendency 
was noted in this series of rats for granu- 
lomata to become confluent as their numbers 
increased. Toward the 10th month of sur- 
vival in normal air the majority of the 
granulomata were relatively large composite 
structures (Plate IVB). 

Giant cells of the polymorphonuclear type 
sometimes were present in these small unit 
lesions but were more usually observed in 
relation to composite granulomata. Crystals 
were often interposed between the macro- 
phages within the medulla of the granuloma 
and sometimes crowded the latter to such 
a degree that each cell was reduced to a flat 
disk-like structure. At other times the 
crystals had apparently formed within giant 
cells; alternatively, preformed crystals had 
been phagocytosed by giant cells. It is also 
possible that in some cases the giant cells 
engulfing these crystals represented macro- 
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Plate IV.—A, granuloma with crystals and macrophages: Rat 35, exposed to beryl- 
lium sulfate aerosol for 6 months, then in normal air 18 months; x 350. B, composite granuloma 
(note fringe of plasma cells): Rat 19, exposed to beryllium sulfate aerosol for 6 months, 
then in normal air 10 months; x 175. C, giant-cell formation through confluence of epithelial 
cells of atrophic alveoli: Rat 36, exposed to beryllium sulfate aerosol for 6 months, then 
-in normal air 10 months; x 350. D, epithelialized alveolar space filled with spheroidal cells: 
Rat 15, exposed to beryllium sulfate aerosol for 6 months, then in normal air 18 months, 
then killed; x 800. 
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TABLE 5.—Prevalence of Various Pulmonary Lesions in Rats Exposed to Beryllium 
Sulfate Aerosol and in Rats Never Exposed to Any Dust 
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Pulmonary Lesions 


Foam-cell clusters 

Mural infiltrations 

Epithelialization of peribronchial alveoli 
Lobular proliferations of septal cells 
Focal metaplasia (Alveoli) 
Granulomata 

Neoplasmata 


Experimental Group (136): 
BeSO.up to 6 Mo. 
then Normal Air 


Control Group (139): 
Normal Air Only 
up to 22 Mo. 


up to 18 Mo. 
No. L/100 No. L/100 
383 282 11 8 
328 242 15 ll 
372 273 0 0 
158 116 0 0 

2 20 0 0 
424 310 9 7 

7 55 0 0 


L/100 refers to number of lesions per 100 animals. 


phages which had fused together to form 
the multinucleated giants (Plate IVC). No 
conchoidal bodies could be demonstrated. 

In the series of 139 control rats only nine 
granulomata were found and these were 
confined to only 3 animals. Virtually all 
the rats that had been exposed to the beryl- 
lium sulfate aerosol developed granulomata. 

It may be pertinent at this stage to re- 
view the relative prevalence of the more im- 
portant pulmonary lesions observed in the 
exposed and in the control series of rats. 
The total numbers of lesions found have 
been assembled in Table 5. No refined bio- 
statistical analysis need be invoked to em- 
phasize the fact that the seven criteria listed 
predominated absolutely in the group of ex- 
perimental animals which had been caused 
to inhale the beryllium sulfate aerosol as 
compared with a control series which was 
not knowingly exposed to any beryllium 
compound. The seven types of lesion per- 
haps constitute a syndrome specific for 
beryllium sulfate. It should be further noted 
that the majority of the lesions manifested 
themselves only in those 52 animals which 
were allowed to survive in normal air after 
their exposure to the beryllium was termi- 
nated. 

Pulmonary Neoplasia.—The lesions which 
are probably of the greatest importance be- 
cause of the gravity of their significance 
are the new growths. Some discrepancy may 
be noted between the number of tumors 
detected macroscopically and the number 
identified on: microscopy as neoplastic in 
nature. A total of 89 tumors were seen or 
palpated at the time of the autopsy on the 
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animals previously exposed to beryllium 
sulfate (Table 2), while only 76 tumors 
are listed in Table 3 as histologically neo- 
plastic. The explanation is simply that in 
constructing Table 3 only the new growths 
identified in single midcoronal sections of 
both lungs were recorded. While it may be 
apparent that many growths which could not 
have been identified on naked-eye examina- 
tion are included in the histologically neo- 
plastic group, it should be obvious, too, that 
many others were not enumerated, because 
they were not located in the midcoronal 
plane. The important discovery of this study 
is that there were such extremely large 
numbers of neoplasmata. 

The various types of growth identified 
have been summarized in Table 6. It is 
highly probable that all three retesarcomata 
represented metastases from tumors which 
probably originated within the abdominal 
lymphatic nodes. While neither lymphatic 
system tumors nor primary pulmonary new 
growths were present in the control series, 
retesarcomata have occurred from time to 
time in rats used in other studies. Their 
presence in the present series of beryllium- 
TABLE 6.—Neoplasia in Fifty-Two Rats Exposed 

to Beryllium Sulfate Aerosol for Six Months 


and Then Living in Normal Air for 
Periods up to Eighteen Months 


Neoplasm No. Metastases 

Adenoma 18 as 
Squamous carcinoma 5 1 
Acinous adenocarcinoma 24 2 
Papillary adenccarcinoma ll 1 
Alveolar-cell adenocarcinoma 7 in 
Mucigenous tumor 7 1 
Endothelioma 1 ont 
Retesarcoma 3 3 

Total 76 8 
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exposed animals, therefore, is not of too 
great significance. 

The criteria employed in deciding that a 
neoplasm was malignant rather than benign 
were primarily cytological and histological. 
In most instances the malignant tumors were 
markedly cellular with epithelium-derived 
tissue predominating or even exclusively 
present. Mitosis was a prominent feature, 
and generally at least one mitotic figure 
could be seen per oil-immersion field. No 


capsules could be demonstrated, the tumors 
infiltrating and permeating the surrounding 
tissue. The individual cells generally were 


larger than the tissue cells of the normal 
rat, the nuclei being particularly large with 
prominent nucleoli. Often the nuclei varied 
greatly in size and chromatin content, with 
pallid and pyknotic nuclei sometimes lying 
adjacent to one another. In most of these 
tumors this pleomorphism and anaplasia 
were associated with functional suppression. 
However, in one series keratin was pro- 
duced, and in another 
mucoid secretion. 


series there was 
No necrosis, ulceration, 
or hemorrhages occurred in these earlier 
stages. The 
avascular. 


tumors remained relatively 


Attention should be drawn also 


EXPERIMENTALLY INDUCED 
PULMONARY NEOPLASIA 


DATA FOR 84 RATS EXPOSED 

TO BeSO,4 UP TO 6 MONTHS 

AND FOR 52 RATS EXPOSED 

FOR 6 MONTHS AND THEN 

TRANSFERRED TO NORMAL 
IR 


RELATIVE 
PREVALENCE RATE OF 

(0) CARCINOMATA 

(b) LOBULAR PROLIFERATIONS 
OF SEPTAL CELLS 

(c) PERIBRONCHIAL EPITHELI- 
ALIZATION OF ALVEOLAR 
WALLS 


ro) 


AVERAGE NUMBER / MID CORONAL PLANE 


Fig. 2—Graph showing 
the evolution of peri- 
bronchial alveolar wall 
epithelialization, lobular 
septal-cell proliferations, 
and pulmonary carcino- 
matosis in rats exposed 
continually to a beryllium 
sulfate aerosol for 6 
months and thereafter re- 
siding in normal air for 
periods up to 18 months. 
Only lesions detected in a 
single midcoronal 
are recorded. 
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to the multifocal origin of many of these 
tumors in several animals. In some only 
one lesion could be found; in others there 
were numerous separate foci of neoplasia. 
Other features supporting the malignant 
character of these tumors were the tendency 
to metastasize and the successful trans- 
plantation of the growths into the sub- 
cutaneous tissues of new host rats. Some 
of these secondary and tertiary growths 
produced metastases. 

The first unmistakably malignant growth 
was ford i: one of the animals killed at 
the en 1 of six months of exposure to the 
beryllium sulfate aerosol. A second was 
detected in one of three animals sampled 
at the end of a week after the cessation 
of the exposure. Thereafter tumors became 
progressively more frequent until the 15th 
month of residence in normal air had been 
reached, whereafter the prevalence rate de- 
clined rapidly (Fig. 2). 

The main varieties of tumor found have 
been classified in Table 6. Not included in 
these series are a number of focal lesions 
in which epithelium-lined lacunae were 
found filled with spheroidal cells (Plate 
IVD). These cell masses may represent the 
product of continued multiplication of the 
epithelial layer and thus be equivalent to 
an alveolar granuloma. On the other hand, 
these cell formations may be examples of 
carcinoma in situ. 

Squamous carcinomata occurred both with 
and without keratin production. The kera- 
tin-forming squamous carcinomata appeared 
to be slow growing. In several instances 
typical epithelial pearls could be found. The 
stratified epithelium characterizing these tu- 
mors was remarkable chiefly for the exces- 
sive size of its nuclei, the acidophilia of the 
cytoplasm, and the marked propensity for 
forming flat cornified superficial laminae 
(Plate VA). The variety without keratin 
presented multiple trabeculae covered with 
stratified epithelium on both surfaces and 
exhibiting a variable amount of stroma 
(Plate VB). These epithelioid tumors 
tended to be relatively expansile, and cell 
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multiplication took place at the free surface. 
One of these epitheliomatous growths was 
associated with a metastatic deposit in the 
hepatic lymph node. The tumors appear to 
have arisen from alveolar wall epithelium 
which had undergone metaplasia. Several 
such foci of stratification could be seen in 
relation to foam-cell clusters and at the 
edges of granulomata. At least one of these 
cancers originated around a partly degen- 
erated granuloma. 

The adenocarcinomata were the most 
numerous. They occurred in several varie- 
ties, and it seems highly probable that these 
tumors are the malignant analogues of the 
epithelial hyperplasias already described. 

The acinous type of adenocarcinoma was 
most prevalent (Plate VC). Sometimes the 
tumor consisted simply, on cross section, of 
numerous circular groupings of proliferating 
cuboidal cells, and it had expanded mar- 
ginally by the multiplication of these hollow 
acini. The intervening stroma generally re- 
mained scanty, but rarely some collagen was 
produced. At the tumor edge there fre- 
quently was an abrupt line of transition 
from anaplastic to normal tissue. The acini 
varied from relatively small rings of cells, 
with scarcely a lumen, to relatively dilated 
spaces. Both appeared to be equally ma- 
lignant, and sometimes histological lesions 
of both types were found in the same tumor. 

The papillary adenocarcinomata probably 
were simply variants of the foregoing type, 
in which epithelial hyperplasia had _pro- 
ceeded at such a disproportionate rate that 
sessile or villous projections of epithelium, 
either with or without any stroma, pro- 
truded into the acini (Plate VD). In some 
instances the acini became virtually occluded 
by the papillae. At their margins these 
tumors sometimes sent out solid cellular 
projections into surrounding noncarcino- 
matous lung tissue. At other times the 
acinar processes invaded adjacent areas first. 

The designation of the alveolar cell carci- 
nomata as such is based on the observation 
that these tumors were almost solid masses 
of malignant cells at the center, their mar- 
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Plate V.—A, pulmonary squamous carcinoma; incipient keratogenic growth with multiple 
pearls and proliferating basal layers: Rat 1, exposed to beryllium sulfate aerosol for six months, 
then in normal air six months, then killed; x 175. B, pulmonary squamous carcinoma; epithe- 
lioid growth showing stratified bilaminated trabeculae which do not produce keratin: Rat 19, 
exposed to beryllium sulfate aerosol for 10 months, then in normal air 10 months, then killed; 
x 250. C, pulmonary acinous adenocarcinoma; acinous adenocarcinoma with small lacunae and 
delicate collagen bundles: Rat 15, exposed to beryllium sulfate aerosol for 6 months, then in 
normal air for 18 months, then killed; x 175. D, pulmonary papillary adenocarcinoma; stroma- 
containing pedunculated papilla in a papillary adenocarcinoma: Rat 36, exposed to beryllium 
sulfate aerosol for 6 months, then in normal air 10 months, then killed; x 750. 
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Plate VI.—A, pulmonary alveolar cell carcinoma; neoplastic cells derived from septal-cell 
elements beginning to fill an alveolar space: Rat 6, exposed to beryllium sulfate aerosol for 
6 months, then in normal air 10 months, then killed; x 800. B, pulmonary mucigenous tumor ; 
confluent mucus-containing epithelium-lined loculi (note advancing columns and _ peripheral 
round-cell reaction) : Rat 30, exposed to beryllium sulfate aerosol for 6 months, then in normal 
air 10 months, then killed; x 10. C, endothelioma of the pleura: Rat 18, exposed to beryllium 
sulfate aerosol for 6 months, then in normal air 12 months; x 350. D, argentophilic reticulum 
supporting cells of retesarcoma: Rat 55, exposed to beryllium sulfate aerosol for 6 months, 
then in normal air 10 months; x 350. 
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gins showing that the component cytological 
elements were derived by universal ana- 
plastic proliferation of alveolar lining cells 
into the pulmonary alveoli (Plate VIA). 
Slightly more centrally from the tumor 
edge, the cells from opposite sides of the 
alveoli could sometimes be seen to meet and 
thus to obliterate the air spaces. At yet 
other points neoplastic cells were shed into 
the alveolar lumen. Fundamentally, there- 
fore, these were also alveolar-cell carcino- 
mata. 

No attempt was made by the alveolar-cell 
tumors to evolve either new acini or to be- 
come truly papillomatous. In some of the 
less vigorously developing tumors, the orig- 
inal alveolar architectonic pattern was pre- 
served, but the air sacs were filled with 
neoplastic cells which contrasted sharply 
with the intervening nonmalignant stromal 
cells. In quite a few instances the asym- 
metrically proliferating alveolar cells tended 
to form central bodies of polyhedral cells 
attached to the alveolar wall along one edge 
but unattached elsewhere. The provisional 
indications appear to be that these tumors 
arose out of the lobular alveolar septal-cell 
proliferations already described. 

A number of mucigenous carcinomata 
were discovered. Their malignant nature 
was held in doubt, and they were at first 
classified as mucigenous adenomata until at 
least one indisputable instance of metastasis 
could be traced to one of these tumors. The 
disproportionate amount of mucoid contents 
of their distended acini belied their danger- 
ous nature. The mucoid contents of these 
tumors were clearly derived from secretory 
cells among those forming the lining of epi- 
thelial membranes. Some of these cells re- 
sembled goblet cells. In typical fashion 
many of the epithelial cells became separated 
from the stromal base and became inbedded 
in the mucoid substance, leaving sectors of 
the original acinus denuded (Plate VIB). 
This change was generally furthest advanced 
toward the centers of the tumors, thus creat- 
ing an illusion of acellularity here. There 
was also a tendency for interruption of 
alveolar walls in the deeper reaches of the 


tumor with sequential confluence of mu- 
coid masses. Thus, a multiloculated char- 
acter imparted to some of these 
tumors. Along the expanding edges of the 
tumor the cytological elements were better 
preserved, and it could be seen that the 
growth invaded surrounding lung paren- 
chyma by means of solid cords of cells 
which subsequently acquired a lumen in 
which secretions collected. Such advancing 
trabeculae sometimes insinuated themselves 
around obstructing major blood vessels. 
There was also a fairly distinct tendency to 
lymphocytic and plasma-cell reaction to the 
presence of these invading columns, a fea- 
ture not observed in connection with other 
tumors of this series. 


was 


The source of these mucoid tumors was 
not readily apparent. There is a strong 
suspicion that they arose from the epithe- 
lialized alveoli which surrounded certain 
bronchi (Plate IIB). 

The single example of an endothelioma 
or mesothelioma encountered in these ani- 
mals was located on the pleural surface of 
the apex of a basal lobe. It showed no tend- 
ency to invade the subjacent lung but had 
spread laterally and into the pleural fissure. 
In structure it consisted of solid cords of 
pleomorphic proliferating cells with some 
superficial palisading. Delicate vascular or 
lymphatic channels were interposed between 
the cell masses (Plate VIC). The existence 
of independent pleural mesotheliomata has 
been repeatedly challenged, and because of 
this skepticism it is well to record that in 
the rat in which the endothelioma occurred 
there were in other parts of the lungs one 
incipient squamous carcinoma, one papillary 
adenocarcinoma, and one alveolar-cell carci- 
noma. This case, therefore, illustrates well 
the multipotential character of the neoplastic 
process in this series of animals. While it is 
possible that the endothelioma of the present 
instance could represent a pleural metastasis 
from any of the foregoing three paren- 
chymal tumors, its cytological and histologi- 
cal features did not closely resemble any of 
these three lung tumors. While it must be 
granted that this observation does not com- 
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pletely exclude the metastatic origin of the 
lesion, it does at least lend support to the 
possibility that the endothelioma was a 
fourth independent tumor. 

For the sake of completeness, and perhaps 
because their existence in this series of ani- 
mals may be more than coincidental, refer- 
ence has been made to the pulmonary meta- 
static retesarcomata. These tumors did not 
differ materially from those which have been 
seen from time to time in our own rat colony 
and in animals obtained from other sources. 
They were characterized by the exceedingly 
cellular nature of the tumor and the large 
size of the polyhedral pleomorphic cells and 
of the cell nuclei. A delicate argentophilic 
reticulum supported most of these cells 
(Plate VID). Of more particular interest 
in the present series of rats is the fact that 
the pulmonary metastases showed a predilec- 
tion for localization in relation to areas of 
foam-cell clustering and granulomatosis. 
This observation helps to illustrate the point 
that the lymphatic pathways to and from 
the foam-cell clusters and granulomata were 
not obstructed by the pulmonary reaction 
to the inhaled beryllium sulfate. 


Comment 

The success with which the features of 
human chronic beryllium disease have been 
duplicated in this series of rats deserves 
comment. For a considerable time the main 
diagnostic criterion of human chronic beryl- 
liosis has been the granuloma. Skepticism 
has gradually come to surround the validity 
of the human lesion as a pathognomonic 
diagnostic criterion because of failure to 
reproduce this lesion in animals and because 
of the occurrence of somewhat similar gran- 
ulomata in Boeck’s sarcoidosis. Since gran- 
ulomata can be reproduced abundantly in 
the lungs of at least one animal species by 
exposures to beryllium sulfate, a feat ac- 
complished in the present experiment, the 
discovery of similar lesions in personnel of 
beryllium-utilizing industries becomes the 
more convincingly significant. 

The tissue changes which accompanied 
and preceded its emergence seem, however, 
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to be even more important than the phe- 
nomenon of granulomatosis. Similar histo- 
logical alterations have previously been 
found in lungs of persons who had been 
exposed to beryllium compounds (Schep- 
ers”). It is evident from the present study 
that the granuloma phenomenon is but a 
subordinate feature of the whole syndromic 
response of the rat lung to the inhaled 
beryllium sulfate. By analogy with this ob- 
servation diagnosis of the human disease 
may be facilitated by taking greater cogni- 
zance of the histopathological accompani- 
ments of the granulomata. As the latter 
feature is not the only component of the 
tissue response, it may well be timely to re- 
view human cases previously rejected be- 
cause of paucity of the granulomata. 
Phenomena such as foam-cell clustering. 
periductal and peribronchial alveolar wall 
epithelialization, diffuse and focal inter- 
stitial or mural infiltration, and lobular sep- 
tal-cell proliferation may furnish a clue that 
the pulmonary disease may be due to inhaled 
beryllium. 

The exceedingly minute quantities of 
beryllium sulfate which effectively induced 
pulmonary changes in these rats should be 
noted. It is estimated that at most each rat 
could have inspired about 150y of beryllium 
sulfate during the exposure phase. On bio- 
chemical analysis beryllium was recovered 
from the lung tissue, as shown in Figure 3. 
Although beryllium sulfate is a soluble com- 
pound, it is calculated that about 0.2% of 
the inhaled beryllium evidently was at first 
tenaciously retained by the pulmonary pro- 
toplasm, and appreciable excretion of the 
element occurred only after three to five 
months’ residence in normal air. However, 
the initial pulmonary tissue response does 
not appear to have been a function of the 
higher pulmonary concentration of beryl- 
lium. Emergence of the biological reaction 
coincided better with the phase of reduced 
pulmonary retention of the beryllium. It is 
possible, therefore, that we are dealing here 
with either a delayed response to the previ- 
ous phase of maximal concentration or a 
rebound phenomenon brought about by with- 
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ACCUMULATION AND EXCRETION OF BERYLLIUM 
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Fig. 3—Graph showing the accumulation of beryllium in the lungs of rats while exposed 
to the beryllium sulfate aerosol and the elimination of beryllium after the rats were transferred 


to normal air. 


drawal of the tissue beryllium. Alternatively, 
it is possible that an “overdose” of beryl- 
lium and the retention of an “excessive” 
amount initially retarded the biological re- 
sponse. After excretion of a certain amount 
a critical tissue level of beryllium was ap- 
parently reached, in the presence of which 
the various histological reactions were elic- 
ited. When the tissue level fell below the 
effective threshold, the histological reaction 
apparently subsided. 

These histochemical leads need further 
amplification and intensified study. It is a 
well-known clinical phenomenon that indus- 
trial personnel seemingly least exposed to 
beryllium compounds developed severe 
granulomatous lesions, while others quite 
heavily exposed escaped. However, not all 
of those who had minimal exposures devel- 
oped lung damage, and not all who were 
heavily exposed escaped. Perhaps the ex- 
planation resides in the possible existence of 
a critical pathogenic range. Thus, it is pos- 
sible that beryllium compounds are innocu- 
ous below certain threshold levels of 
concentration. Again, the same compound 


may be so cytotoxic above a certain level 
as to prevent the cellular proliferation which 
is the essence of the beryllium response. 
Several other substances behave in this dual 
manner. It is a well-established toxicologi- 
cal phenomenon that animal tissue can react 
biphasically to different concentrations of 
the same substance. 

These observations may assist further to 
explain the “lag” phenomenon in beryllium 
disease. It is well known that many human 
victims of the disease developed symptoms 
only after they had left the area of exposure. 
It has been suggested by Sterner and Eisen- 
bud! that such a time lapse is required 
for the tissues to become allergically sensi- 
tized. Although this theory has many attrac- 
tive features, and nothing in the present 
account should be construed as an attempt 
to disprove it, the possibility now seems 
indicated that the time lapse may simply 
correspond to the phase of elimination of 
the excessive amounts of beryllium which 
tend to hold in check the cytoplastic response 
of the lung. 
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Whereas a low proportion only of indus- 

trial personnel have developed chronic beryl- 
lium disease, the current experiment revealed 
that all the rats were affected in some meas- 
ure, though exceptional rats escaped the 
severer reaction. There may be less contra- 
diction in the experience with industrial 
personnel and with the experimental rats 
than would at first seem apparent. In the 
first instance, not all persons who were 
exposed to beryllium compounds have been 
assiduously followed up, though many clini- 
cians have certainly attempted to complete 
the record. Our knowledge of the pathology 
of the human disease is based only on rare 
autopsy and biopsy specimens. It is possible 
that chronic lesions have been, and still are, 
more prevalent than is at present known. 
Most of the rats which developed pulmonary 
reactions recovered later. Perhaps the hu- 
man cases have behaved analogously. It is 
certainly true that an increasing number of 
patients who formerly suffered from the 
chronic disease have since recovered, so that 
a seventh variety or stage representing re- 
covery from the chronic disease has recently 
been proposed by Hardy." It is entirely 
possible that numbers of industrial personnel 
who did develop a subclinical degree of the 
chronic disease were never diagnosed and 
have since recovered. 

Tracheobronchitis has been described as 
a dominant phenomenon during the acute 
and subacute phases of the clinical disease 
of man. Though the animals in the present 
experiment did not develop comparable 
acute and subacute reactions, the marked 
prevalence of peribronchial and periductal 
epithelializations and infiltrations would sug- 
gest that the respiratory passages did bear 
the brunt of the chemical injury. 

No obvious explanation is at hand to 
account for the selective focal responses of 
the rat lung. The beryllium sulfate was pre- 
sumably inhaled through all bronchioles and 
alveolar ducts and should have reached all 
alveolar spaces rather uniformly. Why then 
were only some pulmonary units affected? 
Most chemical irritants have a universal ef- 
fect. This issue needs further clarification. 
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There appear to be cytological relation- 
ships between the separate phenomena ob- 
served. Thus, it seems very likely that 
foam-cell production and the subsequent 
breakdown of these cells may have been a 
material factor in the genesis of both the 
interstitial mural infiltrations and the granu- 
lomatosis. In this sense the granulomata 
would have represented a stage in the healing 
process. Epithelialization of peribronchial 
alveolar spaces and the lobular proliferations 
of alveolar wall septal cells appear to have 
been analogous, yet distinct, phenomena. 
Each may have been a precursor of some 
categories of neoplastic lesions. Granulo- 
matosis even seemed to be a precursor of 
some of the squamous carcinomata. 

The failure of the pulmonary syndrome 
to develop before about the sixth month of 
exposure poses the question whether com- 
parable lesions will develop in the presence 
of beryllium sulfate exposure continued 
over the full period of two years. Similarly 
an answer is needed as to whether subse- 
quent reexposure to beryllium sulfate either 
will abort and reverse or will aggravate de- 
veloping lesions. 

A further outstanding observation con- 
cerns the almost entirely cellular response to 
the beryllium sulfate. Beryllium sulfate 
emerges as the very antithesis of free silica. 
The former caused epithelial cells to multiply 
(foam cells, septal cells, alveolar epithelium, 
and neoplastic cells) but provoked no stromal 
proliferation. Thus, no significant numbers 
of fibroblasts, lymphocytes, or leucocytes or 
of collagen bundles or elastin fibers resulted. 
Some new reticulin only was laid down in 
relation to the macrophages of the granulo- 
mata and to the cells which had infiltrated 
the alveolar walls. Inhaled free silica has 
precisely contrary influences in the lung. The 
silica either fails to stimulate epithelial 
growth or suppresses it, while it is markedly 
fibrogenic and lymphoplastic, calling into 
existence large numbers of fibrocytes and 
collagen bundles and rapidly involving the 
lymphatic tissue. 

Because of the ominous import of the 
tumors discovered duzing this experiment, 
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the claim that the beryllium was indeed the 
principal neoplasiogenic factor is advanced 
with much circumspection. This will prove 
to be the first stable metallic element to have 
induced lung cancer in experimental animals. 
That most of the tumors were indeed carci- 
nomata has been satisfactorily confirmed by 
means of a tissue transplantation study 
which has now been successfully pursued to 
the fifth generation. Probably the strongest 
support for the authenticity of the carcino- 
mata as beryllium-caused tumors comes from 
the concurrent development of such a large 
array of other lesions which duplicated so 
many of the characteristics of the human 
disease. We have also recently found pul- 
monary tumors developing in rats exposed 
by inhalation to beryllium-containing phos- 
phor (zinc manganese beryllium silicate) 
and in rats exposed to particulate beryllium 
phosphate. These findings are supported by 
the observation that bone sarcoma was first 
induced in rabbits at the Saranac Labora- 
tory by means of intravenously injected zinc 
manganese beryllium silicate (Gardner and 
Heslington 1). This work has since been 
confirmed by others (Sissons **; Barnes, 
Denz, and Sissons ™; Hoagland, Grier, and 
Hood 1°; Janes, Higgins, and Herrick 16). 
While Dutra, Largent, and Roth? found 
osteogenic sarcoma developing in experi- 
mental animals after inhalation of beryllium 
oxide, no such bone tumors were found in 
our present series of rats. 

Though it would appear that the beryllium 
caused the lung tumors, the possible cocarci- 
nogenic role of the epizootic pulmonary 
infection in the genesis of the neoplasia 
cannot be entirely dismissed. New growths 
developed not only in rats from the experi- 
mental groups in which such intercurrent 
infections were rife but also in those groups 
from which no animals were lost through 
superimposed pulmonary disease. We had 
no means by which to determine whether 
the animals which appeared to be free of 
pulmonary infection at the time of autopsy 
did not perhaps at some earlier time experi- 
ence a subclinical form of such disease. In 
previous investigations we have not ob- 


served lung tumors in association with 
epizootics in our animal colony. 


Summary 


Observations are recorded on 84 rats 
which were exposed to an aerosol of beryl- 
lium sulfate for various periods up to 6 
months in duration and on an additional 52 
rats which were exposed to the aerosol for 
6 months and thereafter allowed to reside 
in normal air for periods up to 18 months. 

A total of 139 rats, never exposed to 
beryllium compounds, served as controls and 
were observed for various periods up to 22 
months. 

The average concentration in each com- 
ponent experiment was about 12y of BeSO, 
(ly of Be) per cubic foot of air. 

An epizootic caused the loss of 46 of the 
animals while they were being exposed to 
the aerosol of beryllium sulfate, and an 
additional 12 died after cessation of the 
exposure. 

The pulmonary reaction of the animals to 
the inhaled beryllium agent was delayed 
until the 6th month of exposure and then 
gathered impetus until about the 12th month 
in normal air, 

Six main reactions followed: foam-cell 
clustering; focal mural infiltration; lobular 
septal-cell proliferation ; peribronchial alveo- 
lar wall epithelialization; granulomatosis 
and neoplasia. 

All these reactions showed an_ initial 
crescendo prevalence with later subsidence 
of the phenomena. 

Excluding for the present purpose the 
histopathological phenomena associated with 
the epizootic, all lesions except the tumors 
appeared .> be spontaneously reversible. 

Eight hisu.. varieties of new growth 
were found, seven of these types being ma- 
lignant. In some rats there were multiple 
tumors, often of different histological types. 
Metastases occurred. Tumors have been 
successfully transplanted. 

The tissue reactions occurred maximally 
during the phase of elimination of beryllium 
from the lung tissue. This does not. settle 
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the issue whether similar lesions would occur 
if exposure were continued longer than six 
months. 

The principal effect of beryilium sulfate 
on lung tissue appears to be to stimulate 
epithelial-cell proliferation without provok- 
ing a connective tissue reaction. 

The biological significance of these ex- 
perimental findings and their similarities 
with human beryllium-caused disease are 
examined. 


Robert Liddy, of the Saranac Laboratory, made 
the determinations of beryllium recovered from 
lung tissue. 

Grants-in-aid in making these studies were re- 
ceived from the Damon Runyon Fund, Atomic 
Energy Commission, and American Cancer Society. 
Equipment for the studies was lent by the Office 
of Naval Research. 

Saranac Laboratory. 
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The Retention of Hygroscopic Dusts in the 


Human Lungs 


RICHARD H. MILBURN, Ph.D., Cambridge, Mass.; WALTER L. CRIDER, M.S., and STEPHEN D. MORTON, 
B.S., Frederick, Md. 


An evaluation of the toxic properties of 
air-borne dust.clouds requires a knowledge 
of the extent to which particulates of vari- 
ous sizes are retained in the deeper and 
evidently more sensitive regions of the 


lungs. Previous investigators have  suc- 
ceeded in determining by a variety of means 
that the highest alveolar retention occurs 
for particles having diameters in the vicinity 
of lpu.* These studies utilized materials 
which would undergo negligible rehydration 
and consequent growth when subjected to 
the relatively high humidity of the lower 
respiratory tract. 

The present paper is concerned with the 
retention properties of materials which are 
more hygroscopic than those previously 
studied. An investigation of the dynamics 
of rehydration suggests that the absorption 
of water deep in the lungs would, in certain 
cases, reduce by as much as a factor of 2 
the diameter characteristic of particles suf- 
fering the maximum retention. In essence, 
this comes about because a small, penetrat- 
ing dust particle can reach the depths of 
the lungs, rehydrate there, and thus find 
itself larger and more likely to be trapped 
before it leaves. Experimental indications 
of such an effect have been noticed by 
Hatch.* It is coincidental that the rehydra- 
tion times of particles having diameters of 
the order of lp are of the same approxi- 
mate magnitude as the human respiratory 
period. In the following paragraphs the 
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details of the rehydration and _ retention 
estimates will be summarized. 


Methods and Results 


The rehydration rate of a hygroscopic 
aerosol particle depends upon the difference 
between the reduced vapor pressure of 
water over the chemical solution composing 
the particle and the vapor pressure of water 
in the surrounding air. The latter is usually 
described in terms of relative humidity. The 
dynamics of the rehydration process may 
be described theoretically with the use of 
classical diffusion laws and a knowledge of 
the lowering of the vapor pressure effected 
by a given concentration of solute in water.* 
Such a theory appears to give a good rep- 
resentation of experimental rehydration 
rates for small particles. It has been esti- 
mated that the ambient conditions inside 
the human lungs correspond to a tempera- 
ture of 37 C and a relative humidity of 
about 96%.? For these conditions the re- 
hydration dynamics of NaCl particles and 
of particles of a gelatin and sodium phos- 
phate mixture (two parts anhydrous 
Naz HPO* and one part gelatin) have been 
calculated. The results are shown in Figure 
1. It is to be noted that the ratio of the 
diameter, d, at time, ¢, to the dry particle 
diameter, d,, is a unique function of the 
ratio, t/d,*, for each material. Thus, once 
the amount of solids present is known, the 
progress of the rehydration may be calcu- 
lated directly from the Figure. 

It is necessary to postulate some model 
to describe numerically the passage of an 
inhaled aerosol particle through the various 
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Fig. 1.—Growth .curve 
of NaCland gelatin-phos- 
phate droplets at 37 C 
and 96% relative humid- 
ity. 


0.01 
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regions of the human lung. In the present 
calculations that of Findeisen has been 
used.! It is assumed that all the air passes 
at a constant rate of 200 ml. per second 
from the trachea to the alveolar sacs for two 
seconds and then is similarly exhaled totally 
during the subsequent two seconds. Thus, 
there is a complete exchange of air in each 
cycle. This model is convenient because it 
subjects inhaled particles to a completely 
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. 2.—Growth of NaCl particles in the human 
utilizing the Findeisen model.* 


determinate history of location and humidity 
and thus immensely simplifies calculations. 
The work of Hatch® shows that, in fact, 
the behavior of the lungs is somewhat 
different. A fraction of the inspired air 
never reaches the alveoli, while that which 
does reach that region requires several 
breathing cycles to be exhaled again. Also, 
a wide variety of breathing rates may be 
expected. Nonetheless, the Findeisen 
scheme gives an approximately correct rep- 
resentation of the history of an average 
aerosol particle under average conditions 
and will be adequate to provide a compara- 
tive illustration of the behavior of rehydrat- 
ing and nonrehydrating aerosols. 

Utilizing the model of Findeisen and the 
data of Figure 1, one may calculate the 
diameters adopted in the various lung re- 
gions by particles of an initial range of dry 
diameters. For NaCl particles these results 
are shown in Figure 2. It is seen that the 
0.2n dry NaCl particle rehydrates almost 
completely before it is fairly into the tra- 
chea, while the 10y dry particle rehydrates 
mostly within the alveolar region and will 
have rehydrated totally before leaving the 
alveolar ducts upon exhalation. The transi- 
tion region between 0.2 and 10, is illus- 
trated comparatively in Figure 3 for three 
different initial dry sizes of NaCl and 
gelatin-phosphate particles. A nonhygro- 
scopic particle of each initial size is also 
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_ Fig. 3.—Comparative growth and retention in the human lungs of three different initial 
sizes of NaCl, gelatin-phosphate, and inert (nonhygroscopic) droplets. The exhalation graph 


is folded back upon the inhalation graph. 


shown. In this Figure it is to be noted that 
the exhalation graph is folded back upon 
the inhalation graph for compactness. 
Findeisen has also estimated on the basis 
of his model the probabilities that particles 
of given diameters will, upon entering the 
various sections of the lungs, be deposited 
therein. These results have been applied 
in the present case to rehydrating aerosols 
whose particles grow as they pass down into 
the lungs. If 100% of the particles are 
considered to have entered the trachea, the 
total deposition in each lung section is 
given, in per cent, under the curves in 
Figure 3. The fractions expected to be 


exhaled are also given at the right-hand 
end of the graphs. 


Conclusion 


It is to be remembered that the results 
described herein depend upon the accuracy 
to which Findeisen’s model represents the 
history of particles passing through the 
lungs. For example, it is to be expected 
that somewhat more particles will be ex- 
haled than estimated here because a certain 
amount of inhaled air never reaches the 
alveoli, where deposition is most probable. 
Once in the alveoli, however, particles will 
be more likely to deposit because of the 
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probability of their retention for several 
breathing cycles. Nonetheless, the present 
calculation still offers a fair comparison 
between the behavior in the lungs of rehy- 
drating and nonrehydrating particles of 
various sizes. It can be concluded, in par- 
ticular, that NaCl or gelatin-phosphate 
particles of initial dry diameter less than 
2u will have rehydrated almost completely 
by the time they reach those regions of the 
lungs in which they are’ most likely to 
deposit. This rehydration results in a sig- 
nificant increase in retention. The same 
conclusion would be expected to apply to 
other substances whose vapor-pressure 


versus Chemical-concentration characteristics 
are similar to those of NaCl and gelatin- 
phosphate solutions. The over-all effect of 
the rehydration of such substances will be 
to increase their lung retention as aerosols 
over that of otherwise comparable nonre- 
hydrating substances. 


Summary 


It is shown that the lung retention of 
aerosols of hygroscopic materials is in- 
creased over that of otherwise comparable 
nonrehydrating substances. 


REFERENCES 


1. Findeisen, W.: Uber das Absetzen kleiner, 
in der Luft suspendierter Teilchen in der men- 
schlichen Lungen bei der Atmung, Arch. ges. 
Physiol. 236 :367-379, 1935. 

2. Wilson, I. B., and La Mer, V. K.: Retention 
of Aerosol Particles in the Human Respiratory 
Tract as a Function of Particle Radius, J. Indust. 
Hyg. & Toxicol. 30:265-280 (Sept.) 1948. 

3. Palm, P. E.; McNerney, J. M., and Hatch, 
T. F.: Respiratory Dust Retention in Small Ani- 
mals, A.M.A. Arch. Indust. Health 13:355-365 
(April) 1956. 

4. Crider, W. L.; Milburn, R. H., and Mor- 
ton, S. D.: Evaporation and Rehydration of 
Aqueous Solutions, J. Meteorol., to be published. 

5. Hatch, T. F.; Cook, K. M., and Palm, P. 
E.: Respiratory Dead Space, J. Appl. Physiol. 5: 
341-347 (Jan.) 1953. 


| 

ic 

4 62 


Pulmonary Complications with Silicone Masonry 
Water Repellents 


HENRY J. HORN, M.D., Falls Church, Va.; D. J. KILIAN, M.D., Freeport, Texas, and ROBERT A. SMITH, 


M.D., Colorado Springs, Colo. 


The purpose of this report is to present 
the case history of a patient suffering severe 
pulmonary complications following the use 
of a silicone-petroleum-solvent water-repel- 
lent material and to briefly review the exper- 
imental work prompted by this incidence 
and present our experimental findings. 

The water repellents to be considered 
consist of approximately 2% to 5% silicone 
solids dissolved in a petroleum solvent. The 
particular petroleum solvent depends upon 
the marketing company and varies over wide 
limits. One type of silicone preparation 
used consists of heavy-molecular-weight sili- 
cones having properties of siloxanes and 
silanes, as well as characteristics of both 
groups. This mixture is applied either by 
flowing the liquid on the masonry with a 
paint brvsh or by spraying with a low-pres- 
sure sprayer. The cases of pulmonary com- 
plications have resulted in instances where 
workers have used high-pressure spray guns 
which effectively produced an aerosol mist 
and where respiratory protective equipment 
was not used. 


Report of a Case 


A 19-year-old youth was seen in the emergency 
room of the Glockner-Penrose Hospital, Colorado 
Springs, Colo., early afternoon, Oct. 7, 1952. He 
was cyanotic, restless, and coughing severely, and 
he complained of marked difficulty in breathing 
and of tracheal irritation. Blood pressure was 
110/70; pulse, 125, and respirations, 44. There 
was no evidence of pulmonary edema, and the lung 
fields were clear; heart sounds were normal but 
distant and rapid. 


Recorded for publication Sept. 26, 1956. 
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The patient had spent four hours that morning, 
without a protective mask, spraying cinder blocks 
with a clear water-proofing silicone-petroleum-sol- 
vent material, using an automatic high-pressure 
spray gun. No ill effects were felt during the 
period of spraying, but after eating his lunch he 
developed an irritating cough, which was followed 
shortly thereafter by nausea and retching but no 
vomiting. One and one-half hours after stopping 
the spraying, he had intractable cough and was 
brought to the hospital. 

After admission to the hospital, he was given 
fluids intravenously and administration of nasal 
oxygen was begun; barbiturates and small doses 
of morphine were administered to alleviate his 
intractable cough. Continuous steam was also used, 
but no improvement could be obtained and the 
patient appeared seriously ill. A portable chest 
x-ray shortly after admission showed nothing ab- 
normal. ° 

The patient spent a restless, uncomfortable night 
with continuous cough. By morning his tempera- 
ture was 101 F, and his white blood count was 
22,000, with a normal differential smear. He also 
had developed a severe subcutaneous emphysema 
of the face, neck, chest, deltoid areas, and upper 
arms. A repeat chest x-ray at this time showed 
extensive mediastinal emphysema, with diffuse 
clouding of both lung fields and beginning pneu- 
mothorax of the right and left pleural cavities. 
By the evening of the second day there was an 
increase in the extent of subcutaneous emphysema, 
and a chest x-ray revealed increased pneumo- 
thorax. At this time the patient’s color was good, 
provided that nasal oxygen was being administered, 
but cyanosis supervened if it was discontinued. 
Only scattered crepitant rales could be heard at 
the lung base posterially, but the x-ray continued 
to show diffuse clouding of the lung fields. 

By the following morning a tension pneumo- 
thorax on the right side had become obvious, and 
an indwelling pleural tube was inserted into the 
third interspace anteriorly, with continuous suc- 
tion. Following insertion of the tube the patient’s 
clinical condition began to improve, with diminu- 
tion of the subcutaneous emphysema and slow 
regression of the mediastinal and interstitial pul- 
monary emphysema. The pneumothorax and me- 
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diastinal emphysema had essentially vanished by 
the fifth day after admission. 

The patient’s progress continued uneventful; 
temperature returned to normal by the seventh 
day; interpleural suction was discontifued on the 
eighth day of hospitalization, and the patient was 
discharged shortly thereafter. Subsequent chest 
x-rays have been taken, and all have appeared 
normal. The patient has returned to his usual 
occupation, without difficulty with cough or lung 
complications. 


Experimental Procedure 


A gallon sample of the silicone-petroleum- 
solvent water repellent, which produced the 
illness described above, was obtained from 
the contractor and sent to Hazleton Labora- 
tories, Inc., for toxicological studies. Pre- 
liminary experiments were performed in an 
effort to establish the etiologic mechanism 
producing the lung complications. To the 
best of our knowledge at the time of this 
investigation, no toxicological data were 
available concerning the silicone products, 
viz., the siloxane-silane molecule as used in 
the masonry water repellent. Previous work 
on other silicones by Rowe, Spencer, and 
Bass * had indicated that the chloromethyl- 
silanes were highly corrosive, the ethoxy- 
silanes were of intermediate toxicity, while 
work on the methylpolysiloxanes indicated 
that they were of extremely low toxicity. 
Other studies by Cutting! indicated that 
the methylpolysiloxanes were capable of 
producing renal tubule damage in rabbits 
but not in rats. 

The petroleum solvents which constitute 
the largest part by volume of the silicone- 
petroleum-solvent water-repellent prepara- 
tions consist of those hydrocarbons which 
are distilled from crude petroleum in the 
boiling range between gasoline and kerosene 
boiling ranges. The composition of these 
fractions is extremely complex, each con- 
taining numerous individual compounds; the 
type and quantity of these individual com- 
pounds vary over extremely wide limits, 
depending upon the source of the crude 
petroleum. 


* References 6 and 7. 
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The toxicity and references to poisoning 
from the related gasoline and kerosene frac- 
tions have been reported in the literature. 
Husband? and Zucker® reported on cases 
of marked pulmonary pathology resulting 
from aspiration of gasoline while attempting 
to siphon gasoline. Machle* has reviewed 
the subject of gasoline intoxication; the 
most prominent signs and symptoms involve 
the central nervous system and gastroin- 
testinal tract, while the most frequent path- 
ology is pneumonitis and visceral congestion 
and hemorrhages. Reed * has reported that, 
of 25 children who had ingested kerosene, 
86% showed definite evidence of pulmonary 
changes. Steiner® has also reported on 
kerosene poisoning in children and noted 
that at least minimal to severe pulmonary 
changes or pneumonia resulted. Richard- 
son ® has performed animal experimentation 
with kerosene and has shown that dogs 
which received kerosene intratracheally de- 
veloped pulmonary damage, while dogs 
which received kerosene by stomach tube did 
not develop pulmonary damage unless they 
vomited. It seems, therefore, that liquid 
gasoline and kerosene, rather than the vapor, 
are capable of producing rapid, marked pul- 
monary changes. 

The experimental procedure involved the ex- 
posure of dogs, rats, and guinea pigs to many 
different compounds, including the silicones per se, 
several petroleum solvents per se, as well as final 
formulations of masonry water repellents made 
with the proper amount of the silicones in the 
various petroleum solvents. All the exposures 
were performed in a 500 liter, stainless steel 
chamber which was equipped at the inlet with a 
DeVilbiss nebulizer for producing an aerosol of 
the respective material and equipped at the outlet 
with a flowmeter, precipitators, exhaust pump, and 
control valves for maintaining a constant air flow 
through the chamber. The aerosol discharge from 
the nebulizer was passed in through the inlet of 
the exposure chamber, where it was mixed with 
the larger constant air flow through the chamber. 

The exposure times varied, but the concentra- 
tions were maintained within reasonably close 
limits by operating under identical conditions with 
all the compounds studied. The concentration was 
actually determined chemically by means of draw- 
ing a known quantity of chamber atmosphere 
through gas-washing bottles containing carbon 
tetrachloride. The samples were then analyzed 
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by infrared spectrophotometry byethe Dow Corn- 
ing Corporation. The concentration in the expo- 
sure to the silicone resin per se reached 2.5 mg. 
of silicone resin per liter of chamber atmosphere ; 
the concentration in the other exposures to either 
the petroleum solvent per se or the formulations 
averaged 2500 ppm expressed in terms of the 
petroleum solvent. 


Results 


When the silicone resin per se was intro- 
duced as an aerosol into the exposure cham- 
ber, no signs of toxicity were observed until 
the concentration had reached such magni- 
tude that a dense fog was produced in the 
chamber, at which point even the presence 
of the animals was obscured. Following a 
six-hour exposure to such a high concentra- 
tion, acute conjunctivitis was observed in 
both dogs, which completely resolved by the 
following morning. When killed, there was 
no evidence of gross pathology, although 
the microscopic sections of the lungs indi- 
cated large quantities of a granular, shiny 
material, which was obviously the silicone 
resin, lying within the alveolar spaces along 
with many macrophage cells containing the 
same material. In some sections there were 
areas containing numerous accumulations of 
polymorphonuclear cells which seemed to be 
lying within the blood vessels and some of 
the alveolar walls. This would suggest a 
response to an irritation. However, in gen- 
eral, the microscopic picture revealed little 
reaction to the large mass of silicones seen 
in the sections. 

The response to the three masonry water 
repellents which were tested was essentially 
the same. One of these formulated water 
repellents contained a petroleum solvent 
which was made up almost entirely of 
cycloparaffins, having a boiling range from 
154 to 177 C and an aniline point of —18 C. 
The second masonry water repellent tested 
used a petroleum solvent which was essen- 
tially 100% paraffinic, having a_ boiling 
range of 159 to 193 C and an aniline point 
of +57 C. The third formulated masonry 
water repellent used a petroleum solvent 
which was approximately equal parts paraf- 
finic and aromatic, having a boiling range 
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of 135 to 180 C and an aniline point of 
+3 C. The results with all three of these 
formulated masonry water repellents were 
essentially as follows. Shortly after the ex- 
posure was initiated, there were signs of 
muscular fasciculation, hyperventilation, and 
ataxia. In general, these occurred within 
the first few hours of exposure. Following 
this there were severe continuous muscle 
tremors, clonic convulsions, frothing at the 
mouth, and in many cases the dogs became 
comatose. One dog which was exposed to 
the third formulation for a period of three 
days on a six-hour-per-day basis died after 
having been observed for an additional two 
days following the termination of the third 
exposure. 

Sections of the animals exposed to the 
various masonry-water-repellent formula- 
tions were essentially identical. Gross ap- 
pearance of the lungs indicated a dark-red 
appearance both on external surface and on 
cut section of the lung, while the cut section 
exuded edema fluid and blood. Microscopic 
sections revealed that the alveolar spaces 
contained blood, that the alveolar walls were 
thickened with congested capillaries which 
contained numerous leukocytes. In some in- 
stances edema fluid was also present. Oc- 
casionally the bronchiole structures were 
constricted, which caused the mucosal lin- 
ings to appear as many papillary folds. In 
addition, many of the cells of the bronchial 
mucosa were desquamated into the lumina. 
Along some of the bronchi and around the 
blood vessels there were accumulations of 
leukocytes and eosinophiles. The sections 
of liver and kidney, in general, were within 
relatively normal limits, although occasion- 
ally in animals which had been exposed for 
long periods of time some hydropic degen- 
erative changes were seen. These latter 
changes may have been secondary to the 
marked pulmonary pathology. 

Inhalation exposures were performed on 
the following petroleum solvents: 

1. Naphthol mineral spirits, which is 
nearly 100% paraffinic, with a boiling 
range of 135 to 175 C and an aniline 
point of +57 C. 
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A very carefully fractionated portion 
of naphthol mineral spirits, again es- 
sentially 100% paraffinic (boiling range 
of 144 to 152 C). 

3. Mixed xylene, which is essentially 
100% aromatic and has a_ boiling 
range of 135 to 145 C. 

4. Normal heptane, a_ straight-chain 
paraffinic hydrocarbon, with a boiling 
range of 96 to 97 C. 

. A petroleum solvent composed of ap- 
proximately equal parts paraffinic and 

aromatic hydrocarbons, having a boil- 
ing range of 135 to 180 C and an 
aniline point of +3 C. 

6. A petroleum solvent consisting of ap- 
proximately 95.5% aromatic hydro- 
carbons, with a boiling range of 158 to 
176 C. 

7. A petroleum solvent consisting of ap- 
proximately 87% aromatic hydrocar- 
bons, with a boiling range of 140 to 
161 C. 

The results were similar in all studies, 
varying only in degrees of severity and time 
of onset of signs of toxicity, as well as the 
severity of gross and microscopic pathology. 
In general, the series of events were as 
follows. Shortly after the exposures were 
initiated, the dogs showed signs of saliva- 
tion, muscular fasciculation, hyperventila- 
tion, excitement, tremors, coma, and in some 
cases proceeded to death. Minimal signs of 
toxicity were noted in rats and guinea pigs. 

The most significant difference was seen 
with mixed xylene, which appeared to be 
primarily an anesthetic agent with a marked 
excitement stage. During the exposure the 
dogs became completely anesthetized for a 
period ranging from two to three hours. 
Upon decontaminating the chamber, the 
dogs regained consciousness and were capa- 
ble of eating, drinking, and moving about. 
One dog which was killed for autopsy im- 
mediately at the termination of the exposure 
showed no evidence of gross pathology. The 
remaining dogs appeared completely normal 
the following day. 

In general, the gross pathalogy of all 
species exposed to the various solvents was 
66 
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identical. The pathology was essentially 
confined to the lungs which were a dark- 
red color both on external surface and on 
cut section. Blood and/or edema fluid could 
be demonstrated in the lungs of the animals 
in nearly all cases. Specific exception is 
made, however, in the case of the experi- 
ment with mixed xylene, where the changes 
were minimal although indicative of irrita- 
tion. 

Microscopic sections of lungs revealed 
a picture of edema, hemorrhage, and irrita- 
tion, in which the alveolar walls contained 
congested capillaries and many leukocytes. 
The alveolar spaces were filled with edema 
fluid and red blood cells. A picture of 
hydropic degeneration was seen in the livers 
of animals exposed to most of the petroleum 
solvents. This condition, as explained in the 
previous section on the formulations, may 
have been only secondary to the marked 
lung pathology. 

The conditions as described were severest 
in those dogs which were exposed to naph- 
thol mineral spirits and appeared to be 
least remarkable in those animals exposed 
to mixed xylene. No profound pathology, 
for example, was demonstrated in the lungs 
of the animals exposed to the vapors of 
mixed xylene, although there was definite 
indication of irritation. 


Summary 


The results of the inhalation experiments 
with the masonry water repellents, silicones 
per se, formulations, or petroleum solvents 
per se were preliminary in nature. We were 
not successful in duplicating the exact clin- 
ical conditions as seen in the patient we 
have presented. There are several facts, 
however, which can be stated. Numerous 
inhalation experiments have shown that 
there is no significant difference in pulmo- 
nary pathology between the final formula- 
tion and the various petroleum solvents. 
Therefore, it seems reasonable to conclude 
that the most irritating agent in the final 
formulation is the petroleum solvent. This 
conclusion is enhanced by the lack of serious 
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pulmonary pathology found in the dogs ex- 
posed to massive respiratory doses of sili- 
cone alone. Unfortunately sufficient work 
has not been done at this time to determine 
if any synergism exists which would tend 
to make the petroleum solvent more toxic 
when combined with silicones. 
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Beryllium Aerosols 


J. J. FITZGERALD, M.S., Schenectady, N. Y. 


Old Method of Collecting and Analyzing 
the Beryllium Aerosol 

The method for the determination of 
beryllium previously used! involved several 
chemical operations on the air samples 
which were collected on large filter papers. 
These 15 cm. filter-paper samples were ob- 
tained with use of the standard Knolls 
Atomic Power Laboratory (KAPL) beryl- 
lium air sampling unit. Although excellent 
for sampling large quantities of air, the 
spectrographic analysis required is very 
time-consuming and does not achieve maxi- 
mum beryllium sensitivity for small air 
samples. 

In the standard method the filter-paper 
samples were ashed overnight and then 
fumed with sulfuric acid prior to the spec- 
trographic treatment. One drop of diluted 
beryllium sulfate (either 1/50 or 1/200 of 
the entire sample) was evaporated on a flat- 
topped graphite electrode for analysis. Since 
it is not practical to concentrate the entire 
sample in one drop, the maximum sensi- 
tivity of the method was not realized. Other 
spectrographic methods that have been de- 
scribed * also are tedious and make use of 
similar or more elaborate chemical 
spectrographic treatments. 


and 


New Method of Collecting 
the Beryllium Aerosol 
Figure 1 depicts the new sampling unit 
designed to overcome the disadvantages of 
the standard method previously used at 
KAPL. The filter units shown support 
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Knolls Atomic Power Laboratory, General Elec- 
tric Company. 

* References 2 to 7. 
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Whatman No. 40 filter paper, seen at B, 
which has a diameter of 13/16 in. After 
the collection of the beryllium aerosol the 
filter paper is rolled up, as shown at F, and 
placed in the cavity of the graphite elec- 
trode, G. The total area of this filter paper 
has been reduced to approximately 2% of 
the area of the standard filter paper in order 
to place the entire sample in the cavity of 
the graphite electrode. In this manner the 
maximum analytical sensitivity is achieved, 
and the time of analysis is reduced by the 
elimination of much of the chemical prepa- 
ration prior to a spectrographic analysis. 
The twin-sampling unit shown was con- 
structed to take simultaneously two samples 
of an aerosol and thus compare the direct 
and standard methods of analysis. It has 
since been found advantageous to analyze 
both samples by the direct method and thus 
check the results. Critical orifices are used 
to control the sampling rates through the 
filter papers; i 


Figure 1. 


thev are located at A in 


Direct Spectrographic Analysis 


The Whatman No. 40 filter papers are 
folded and rolled into cylinders. These 
cylinders are then pressed into craters 
drilled in the graphite electrodes to a depth 
of 0.225 in. The electrodes loaded with 
the filter-paper samples are first heated in 
a coil heater, as shown in Figure 2, to 
remove the volatile matter from the paper. 
Later the electrodes are transferred to the 
duralumin block and heated with a hand 
torch. In this manner the papers are 
charred, and a matrix of carbon powder for 
the air dust samples is obtained. This pro- 
cedure stabilizes the discharge of beryllium, 
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Figure 1 


which is excited evenly from the electrode 


over a period of approximately three min- 


utes. Initially the electrodes are heated 
slowly in the coil heater, and when the 
smoke diminishes, they are heated to a 
greater extent but not enough to ignite the 
fumes. When no additional smoking of the 


samples occurs, the electrodes are trans- 


ferred to the duralumin block and heated 
to a dull heat before being allowed to cool. 
Five milligrams of barium chloride contain- 
ing 0.1% thallium as TIO; is either 
weighed or measured into each electrode. 
The rounded end of a glass rod is used to 
crumble the charred paper 
sample with the salt. The 
then arced in a Gaertner 
prism spectrograph. 

Standards are prepared by micropipetting 
small amounts of standard beryllium sulfate 
solution onto 2X16 mm. filter papers. 
These papers are dried over a Nichrome 
coil heater before they are placed in the 
cavity of the electrode and analyzed in the 
manner described above. 


and mix the 
electrodes are 
large quartz- 


The data from a typical working curve, 
shown in Figure 3, indicate a standard 
deviation of +11% for the range 0.002y 
to 0.5y of beryllium per electrode. 


Advantages of the Direct Method 

Effective Sensitivity. — Low concentra- 
tions of the beryllium aerosol may be de- 
tected by the direct method. The data listed 
in Table 1 show that in the first five samples 
collected by the twin sampler no beryllium 
was detectable by the standard method. In 
each instance, however, beryllium was de- 
tected on the sample analyzed by the direct 
method. Although these low concentrations 
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TABLE 1.—Comparison of ‘Standard and Direct Methods for Beryllium Aerosol 
Spectrographic Analysis 


Sampling Sampling Concentration 
Time, Rate, Chem.-Spec. Direct Filter Paper Air Conc., Fraction 
Run Operation in. L./Min. Analysis Analysis, y 7/M.* of MPC 
1 Turning 30 18 No detectable 0.042 0.078 1/26 
amount 


Turning 45 18 No detectable 0.010 0.012 1/163 
amount 


Turning 60 18 No detectable 0.027 0.025 1/80 


amount 

4 Parting and 45 18 No detectable 0.015 0.019 1/108 
facing amount 

5 Parting and 50 18 No detectable 0.008 0.009 1/225 
facing amount 


of beryllium, as such, may not be of general 70%. The reduction in average time of 
interest, they do indicate the sensitivity of analysis is approximately 50%. This meth- 
the direct method. od permits the determination of the beryl- 

Monitoring of Short-Duration Opera- lium concentration in air approximately 60 
tions.—The increased sensitivity permits the minutes after the sample has been taken. 
reduction of the sampling time and the This reduction in the time of analysis is 
detection of peak concentrations. Short- not only important economically but also 
duration operations may now be monitored important in the immediate evaluation of a 
very readily by this method. new machining operation. In this manner 

Time Requirements for Analysis—A _ changes in ventilating and machining pro- 
comparison of the total time of analysis for cedures may be accomplished before the 
the direct and the standard method is given completion of an operation to effect the 
in Table 2. The reduction in the total immediate reduction of the beryllium aero- 
elapsed time of analysis is approximately sol concentration. The reduction in time of 
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TABLE 2.—Spectrographic Analysis of Beryllium Filter Papers 
Comparison of Time Required for Each Method 


Sampling 
Time, 
Min. 


Standard Method 60 


Chemical 
Preparation, 
Min. 


Total 


Elapsed 
Time, 
Min. 


Spectrographic 
Analysis-Elapsed 
Time, Min. 


300 (minimum 60 420 


lapse time) 


Direct Method 


1,200° 240 


0 60 75 
0 420 420 ll 


*This figure represents total time normally used and includes several hours of lost time at night. On a two-shift basis the total 


elapsed time would be reduced to 660 minutes. 


analysis also enables the industrial hygiene 
representative to decide whether or not the 
operator can remove his respirator prior to 
the completion of an operation. 

Sampling Statistics—The reduction in 
the size of the filter paper used in the twin 
beryllium air sampler enables one to sample 
at a velocity of 150 cm/sec. when the flow 
rate is 21 1/min. The collection efficien- 


cies | of the Whatman No. 40 filter papers 
at 150 cm/sec. are significantly greater than 
those obtained at 10 cm/sec. The large- 
sized filter paper and the vacuum pumps 


used in the old KAPL beryllium air sam- 
pling system made it practically impossible 
+References 8 and 9. 


to increase the face velocity above 10 cm/ 
sec. The advantage in the utilization of a 
150 cm/sec. face velocity is clearly illus- 
trated in Figure 4.2 The efficiencies of the 
Whatman No. 40 and No. 41 filter papers 
for the collection of beryllium aerosol at 
velocities of 150 cm/sec. are greater than 
90% for all particle sizes, at least down to 
0.005. Since an optimum particle size for 
penetration at 150 cm/sec. face velocity 
through Whatman No. 40 and No. 41 filters 
is obtained in the size range of 0.0lp to 
0.02, it is most likely that the collection 
efficiency for particles less than 0.005, will 
also be very high. These optimum sizes for 
penetration are in good agreement with the — 


@ 


PARTICLE PENETRATION, IN 
fo} 


PARTICLE COLLECTION EFFICIENCY OF 
WHATMAN-40 AND WHATMAN- 4! 
FILTER PAPERS 


PARTICLE SIZE, IN MICRONS 
Figure 4 
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theory of Davies.t In comparison, at a face 
velocity of 10 cm/sec. the collection effi- 
ciency of the Whatman No. 41 filters varies 
from 24% to 99% in the particle size range 
of 0.005u to 2.1p. The collection efficiency 
of the Whatman No. 40 filters when used at 
a face velocity of 40 cm/sec. has been re- 
duced to zero for particles of 0.005, size. 

The use of the twin-sampling unit at a 
face velocity of 150 cm/sec. provides in- 
creased collection of particles of all sizes, 
with a minimum variation in the collection 
efficiency with respect to particle size. Thus, 
operation of the sampling unit at 150 cm/ 
sec. reduces or eliminates the need for (1) 
particle-size distribution studies and (2) 
insertion of correction factors for the col- 
lection of various size particles. 

Versatility of Analysis —The direct sam- 
pler may be operated over a wide range of 
flow rates, depending on the fraction of 
the MPC § that one wishes to detect in a 
designated sampling period. The detectable 
fractions of the MPC within the sensitivity 
limits of 0.002y to 0.ly depend on the sam- 
pling period and the flow rate through the 
sampler. For example, at a flow rate of 
10 1/min. for a sampling period of 15 
minutes multiples of the MPC from 7X 
10% to 3 may be readily detected. The 
recommended maximum permissible concen- 
tration of beryllium in shop air is 2y/m.* 
For a sampling period of two hours at a flow 
rate of 10 1/min. multiples of the MPC 
from 8X10* to 4X10? may be readily 
detected. Once the desired fraction of the 
MPC to be detected has been chosen, a 
suitable sampling period together with a 
convenient sampling rate may be selected. 
Although the ability to detect very small 
concentration of beryllium in the air may 
not be of great importance in many in- 
stances, there are some occasions on which 
one would like to determine the relative 
merits of various hooded operations before 
larger amounts of beryllium are used. In 
such cases the ability to detect small con- 


t References 8 and 10. 
§ Maximum Permissible Concentration. 
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centrations is important. In monitoring 
beryllium in the environs over short periods 
of time, fractions of the permissible con- 
centration of 0.0ly/m.* may be difficult to 
detect by the standard method. The direct 
method can be used in such instances. 

Since the direct method utilizes the entire 
sample in order to attain greater spectro- 
graphic sensitivity, the higher concentra- 
tions of beryllium, which contain more than 
0.ly on the filter paper, can only be reported 
as beryllium concentrations of greater than 
xy/m.3. In these instances the duplicate 
sample from the twin-sampling unit can 
be processed by the standard method, and 
accurate determinations of the concentra- 
tions of beryllium in the atmosphere can be 
made. 

Extension of Method to Aerosols Other 
Than Beryllium.—Although this method has 
been used for beryllium, there appears to be 
no reason, other than the loss of material by 
volatilization, from limiting its use to other 
aerosols. 


Summary 

The new rapid method of monitoring 
beryllium aerosols differs from the standard 
procedure in that the entire air sample, 
contained on a 13/16 in. diameter filter 
paper, is placed in a cavity drilled in the 
spectrographic electrode. The sample is then 
charred by a coil and torch heating process 
to remove all volatile combustible matter 
present in the filter paper. Barium chloride 
is added to act as a carrier in the subsequent 
direct-current arcing of the sample elec- 
trode. 

The simplified direct beryllium analysis, 
which can be applied to the analysis of 
contaminated beryllium air samples and 
smears, has several advantages. High spec- 
trographic sensitivity for beryllium is 
achieved by the direct method, and the 
elapsed time of analysis is reduced by ap- 
proximately 70%. The increased sensitivity 
permits the reduction of the sampling time 
and the monitoring of short-duration opera- 
tions. The reduction in the sampling time 
and the time of analysis allows the quick 
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determination of the hazard from a beryl- 
lium operation. The particle collection effi- 
ciencies at the increased face velocities 
favor the direct method. 

Advice and assistance were given by Dr. L. T. 
Steadman, of the University of Rochester, in the 
initiation of this study; F. P. Landis and M. 
Coons made important contributions in the develop- 
ment of the spectrographic analysis, and C. G. 
Detwiler assisted in the determination of collec- 
tion efficiencies. 

General Electric 
Power Laboratory. 


Company, Knolls Atomic 
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Obituaries 


Katherine Rotan Drinker, M.D. 
1889—1956 
and 
Cecil Kent Drinker, M.D. 
1887—1956 


Dr. Katherine Rotan Drinker died on March 16, 1956, and her husband, Dr. 
Cecil Kent Drinker, died on April 14 following, both at Falmouth, Mass., where 
they had lived since Cecil’s retirement from Harvard in 1948. 

Katherine graduated from Bryn Mawr and took her medical degree at the 
Women’s Medical College of Pennsylvania in 1914. Cecil graduated from Haver- 
ford College and received his medical degree from the University of Pennsylvania 
in 1913 with a scholastic record which is still unsurpassed. The scientific knowledge 
and scholarship of both were advanced immeasurably by their love and thorough 
knowledge of the classics which they read and reread throughout their lives. Both 
wrote well and both enjoyed writing. 

In 1919 Cecil and Katherine, together with Dr. David L. Edsall, founded The 
Journal of Industrial Hygiene. In this work they were ably assisted by a dis- 
tinguished board of editors from the United States and Great Britain, all authorities 
in industrial problems. The Journal was the first in the English language to deal 
exclusively with problems of industrial health. In 1949, after a successful inde- 
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pendent career, it was merged with an American Medical Association publication 
and now appears as the A. M. A. Arcuives or INDUSTRIAL HEALTH. 

Cecil’s research in the early ’20’s into the fate of ingested or inhaled particulate 
matter gave him a most active and productive interest in problems of industrial 
health, such as manganese poisoning, lung fibrosis, lead and radium poisoning, 
carbon monoxide asphyxia and resuscitation. His advice was continually sought 
by industry, especially with regard to mining and chemical operations, and by the 
utilities. As a result of these contacts he was able to secure original manuscripts 
for the Journal as well as to accumulate material on which to base the many articles 
which he himself contributed. 

Katherine was a talented editor and a born teacher of good writing. These 
qualities, combined with her medical background and daily contact with experi- 
mental physiology, made her eminently suited for the responsibility entrusted to 
her of preparing the Journal for publication. Her standards were of the highest. 
Every step in the process was performed with the utmost care. Clarity and ac- 
curacy were her objectives. Enthusiastically and untiringly she checked text and 
tabular data, verified bibliographies, edited manuscripts and abstracts, read galley 
proofs, prepared make-ups, and, finally, checked page proofs—all under the 
pressure of meeting the strict deadlines imposed by the publisher. Failing other 
abstracters, she, like Cecil, often covered the current literature herself. The Journal 
of Industrial Hygiene owes to her, in no small part, its successful career. 

In 1916 Cecil was appointed Instructor in Physiology in the Harvard Medical 
School, and in 1917, because of Dr. Cannon’s absence in the War, he was made 
Acting Head of the Department. Thereafter he was promoted rapidly. In 1923 
he became Professor of Physiology in the Harvard School of Public Health and 
one of the guiding figures in its establishment. There he served with distinction 
as Assistant Dean and later as Dean. 

Cecil’s numerous papers show the extraordinary breadth of his knowledge, 
while his books on special topics—the bone marrow, blood and lymph circulation— 
are a remarkable blend of experimental ingenuity and scholarly analysis. His bio- 
graphic sketch of eighteenth century medicine in the city of Philadelphia, published 
in Elizabeth Drinker’s Diary, is a charming account of the medical practice and the 
public health measures of the time. Cecil was mechanically minded, a skilled ma- 
chinist, carpenter, and boat builder, and he was always ready to try new inventions 
applicable to his numerous hobbies and especially to his profession, Physiology. 
He was neat and orderly in his thinking, his writing, and his experimental work. 

Those of us who were privileged to work in Cecil’s laboratory profited not only 
from his wide knowledge and mastery of experimental techniques but also from 
Katherine’s painstaking and kindly assistance with our manuscripts. Both never 
seemed more genuinely happy than when helping us along the path. We are no 
longer young men, but we are still conscious of their influence.- Our lives are the 
richer for having worked with both of these magnetic and forceful people. 
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Announcements 


The Editorial Board of the A. M. A. Arcuives or [NpusTRIAL HEALTH con- 
siders it sound policy for its journal to discontinue a service that it believes 
is offered in sufficient quantity and quality by other publications, thus releasing 
this space for other services not adequately provided by other sources, 


The A. M.A. Arcuives or InpustriaAL takes this position with re- 
spect to its abstract section. The Arcuives believes that it can compensate for 


this omission and be of greater service to its readers by expanding its contents in 
other directions. 


We call the attention of our readers who are interested in abstracts to the 
following excellent publications which specialize in this field. 


(1) Bulletin of Hygiene, published by the Bureau of Hygiene and Tropical 
Diseases, Keppel Street, Gower Street, London, W. C. 1, at 70 shillings, or $10.00, 
a year. Single issues cost 7 shillings, 6 pence. One can obtain reprints of special 
sections only, such as Occupational Hygiene and Toxicology or Atmospheric Pol- 
lution, at as little as 17 shillings, 6 pence annually. This Bulletin is now in its 
thirty-first volume. It is the oldest in the field, and its abstracts and book reviews 
are of the highest quality. It is particularly useful for American readers because 
of its excellent coverage of the foreign-language publications. 


(2) Industrial Hygiene Digest, which contains abstracts in the field of in- 
dustrial health, is published monthly by Industrial Hygiene Foundation, 4400 5th 
Ave., Pittsburgh 13. The Digest, Transactions of the Annual Meeting, and other 
publications published by the Foundation are available at an annual subscription 
of $25.00. The Digest is not sold separately. Furthermore, this subscription is 
available only to governmental agencies, educational institutions, and nonindustrial 


libraries. Industrial organizations can obtain these publications only through mem- 
bership in the Foundation. 


(3) Air Pollution Control Association issues to its members Abstracts of the 


Current Literature on Air Pollution. Membership in the Association costs $10.00 
a year. 


(4) Chemical Abstracts, American Chemical Society, 1155 16th Street, N. W., 
Washington 6, D. C., is issued twice monthly and is the most complete abstract 
service presently available. There is no section devoted specifically to industrial 
health, which is covered rather under the general headings, such as Analytical 
Chemistry, Mining, and Biological Chemistry. Single issues cost $2.00, and the 
two index numbers (author and subject) cost $12.00 each. 


(5) The Journals of the American and British Medical Associations and the 
British Journal of Industrial Medicine include abstracts but are less complete in 
our fields than some of the above, especially No. 1. 


(6) Public Health Engineering Abstracts, edited by the Sanitary Engineering 
Center, U. S. Public Health Service, 4676 Columbia Parkway, Cincinnati 26, 
is obtainable on request and is more or less a cooperative affair in which readers 
and technical persons interested do the abstracting without fee. It is primarily 
concerned with sanitary engineering but has sections on atmospheric pollution 
and on occupational health. 
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Books 


Rosenau Preventive Medicine and Public Health. Eighth edition. By Milton J. Rosenau; 
edited by Kenneth F. Maxcy. Price, $15.00. Pp. 1465. Appleton-Century-Crofts, 
Inc., 35 W. 32d St., New York 1, 1956. 


The publication of the eighth edition of a standard textbook such as the “Rosenau 
Preventive Medicine and Public Health,” as edited by Maxcy, would seem to need little 
comment other than endorsement. That it is a useful reference work its large sales through 
seven previous editions have firmly established. There are few books which manage to 
cover the range of material included in this text with the lucidity and comprehensiveness 
that have been characteristic of this book in all its editions. The editor and contributing 
authors are to be congratulated particularly on having managed to revise this edition without 
increasing the size of an already ponderous tome of 1465 pages. Five years have passed 
since the seventh edition was published. The word “Hygiene” has been dropped from the 
title and “Public Health” substituted. 

There has been no change in format and arrangement or in the number of pages as- 
signed to each subject. The same balance among the various major aspects of preventive 
medicine has been maintained. More than one-third of the book is devoted to infectious 
diseases. Nutrition, maternal and child health, and chronic disease take about one-sixth of 
the book. Sanitation and industrial hygiene are allotted almost one-third of the book. Public 
health methodology and organization are covered in the remaining one-sixth of the book. 
The only comment that one is inclined to make about this arrangement is that, since chronic 
noninfectious diseases are becoming an increasingly important focus of preventive medicine 
and public health, it would seem that these conditions have received short shrift in the 
allotment of space. This is most obvious perhaps in the 20-page chapter on epidemiology, 
where the epidemiology of chronic noninfectious diseases is covered in only 2 pages. No 
changes have been made in either the epidemiology or the biostatistics chapters since the 
last edition. 

In sections which deal particularly with industria! hygiene, the following specific com- 
ments should be made. There is a new and more complete discussion of radiological termin- 
ology and of rules relating to maximal permissible exposure to ionizing radiation. In the 
part on cancer there is no reference to the relation of smoking to cancer. One is tempted to 
inquire what the reason is for the unique title of Chapter 21, “Food Injuries and Their 
Prevention.” 

There is considerable expansion of the portion on organic insecticides and their potential 
toxicity. This includes a detailed outline of recommendea treatment and a new table on 
toxicity of common insecticides. Among the other new tables which have been introduced 
to bring data up to date are the ones on industrial occupations, incidence of occupational 
diseases, threshold limits of toxic substances, absenteeism in industry, and accident deaths. 
Incidentally, on pages 1099 and 1100 the charts on absenteeism due to sickness are brought 
up to date to 1952, but the discussion in the text has not been brought similarly up to date 
to explain the upswing in absenteeism since 1949. Also on page 1107 the reference to Table 
31-1 is given as page 1030, but it is actually on page 1031. An interesting point which is 
passed over without comment is that in the 1951 edition the number of states with active 
industrial hygiene programs was given as 45. The 1956 edition shows that this figure has 
gone down to 40. 

In the final section on Public Health Organization and Activities a completely new 
write-up has been necessary of the United States Government’s Department of Health, 
Education, and Welfare and the United States Public Health Service. 

Cart E. Taytor, M.D. 


Social Security and Public Policy. By Eveline M. Burns. Price, $5.50. Pp. 291. Me- 
Graw-Hill Book Company, Inc., 330 W. 42d St. New York 36, 1956. 


Professor Burns has undertaken the difficult but rewarding task of reexamining and 
interpreting outstanding issues of Social Security programs designed to assure income 
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maintenance. Instead of discussing specific measures, she defines the elements common to 
the various types of programs, analyzes the problems posed by governmental action, scruti- 
nizes the policies adopted, and states the choices available to democracies. 

According to the author, decisions must be made on four major questions: the nature 
and amount of benefits; the risks to be covered; the method of financing, and the structure 
and character of administration. Discussion of the public policies followed in tackling these 
intricate problems forms the bulk of the book. The meaning and implications of the various 
policies are explained with the help of ample illustrative material from several foreign 
countries as well as the U. S. A. 

As the costs of good medical care, especially in conjunction with loss of earnings due 
to disability, are a major threat to the economic security of income-earning people and their 
families, a special chapter is devoted to an interpretation of public action in this field and of 
the basic issues involved, and frequent reference to the same matter is made in connection 
with the analysis of such programs as disability insurance and workmen’s compensation. 

As institutions must advance to keep pace with the time, modifications in public policy 
are likely to occur. This book opens up vistas to the future by its wealth of factual informa- 
tion, penetrating analysis of a highly complex subject matter, and balanced judgment on the 
relative merits of present policies. Because of the interrelationships of programs for income 
maintenance and programs for personal health service, if for no other reasons, the volume 
deserves thorough study by all those who are interested in the health and welfare of gain- 
fully employed persons and particularly of industrial workers. 


Franz GoLpMANN, M.D., Boston. 


Norme per le protezioni contro le radiozioni ionizzanti. By F. Fossati; P. Gallone; L. 


Parmeggiani; C. Polvani, and M. Scolari. Price, not given. Pp. 259. Ulrico Hoepli, 
Milan, Italy, 1956. 


This publication represents the first complete set of Italian standards for radiation 
protection. The standards pertain to ionizing radiations encountered in human and veterinary 
medicine, in industry, in research and scientific fields, and in the transportation of radio- 
active materials and disposal of radioactive wastes. 

Taken into consideration in the drafting of these standards were the Recommendations 
of the International Committee on Radiological Protection, Standards of the German Federal 
Republic (D. I. N.), and Handbooks of the (U. S.) National Bureau of Standards. The 
material was adapted to current radiological activities and practices in Italy. 

The drafting of these standards was made under the sponsorship of the Italian Commit- 
tee for Radiation Protection following the Congress held in Rome in 1954. Chapter 1 dis- 
cusses in considerable detail such topics as glossary of terms, radiological units, symbols, and 
warning signs. Chapter 2 discusses maximum permissible dose for internal and external 
exposure and includes a table of physical and biological properties of the common radio- 
isotopes. 

The next two chapters pertain to standards for protection against x-rays of 250 kv. 
energy or less, x-rays of greater than 250 kv., and particle accelerators. Chapter 5 describes 
protective measures for external use of natural and artificial radioactive material, while 
the last chapter deals with the problem from internal diagnosis and therapy. 

The appendices discuss protection in industrial and research laboratories, handling and 


transportation of radioactive materials, and disposal of radioactive wastes. They also con- 


tain a discussion of dosimetry, the problem from television sets, and a review of the legal 
aspects. 


Avucust T. Rossano Jr. 
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Compiled by U.S. Department of Health, Education, and Welfare - Public Health Service 
Occupational Health Program, 1014 Broadway, Cincinnati 2, Ohio 


Occupational Medicine South of the Rio Grande 


The University of Miami School of Medi- 
cine is only five years old, having but re- 
cently graduated its first class of physicians. 
Situated as it is in the “Gateway to Latin 
America,” the School has realized from its 
very beginning that it had something to offer 
to the medical profession of the countries to 
the south. This year, in an effort to strength- 
en the common ties which bind the medical 
profession in all countries, the First Inter- 
American Conference on Occupational 
Medicine was organized in cooperation with 
the Faculty of Medicine of the University 
of Havana, Cuba. This Conference, which 
took place in Miami, Sept. 3-6, 1956, was 
attended by approximately 50 physicians 
from 10 countries. The nations represented 
were Argentina, Chile, Colombia, Cuba, 
Mexico, Peru, Spain, Venezuela, Puerto 
Rico, and the United States. In all, 34 
papers were delivered during the four days 
on a variety of subjects of interest to those 
engaged in the occupational health field. 

The Conference was opened with words 
of welcome on the part of Dr. Jay W. Pear- 
son, President of the University of Miami, 
and Dr. Homer F. Marsh, Dean of the 
Medical School. The entire Conference was 
held in the Spanish language, and physicians 
from the United States either read their 
papers for them. The Latin American rep- 
had a Spanish-speaking person deliver their 
papers for them. The Latin American rep- 
resentatives were very pleased with the 
effort made by those from the United States 
to speak in Spanish. 

Three papers were presented on medical 
care programs in industry. Dr. Domingo 


Vargas, medical director of a petroleum 

company in Colombia; Dr. Guillermo Gor- 

bitz, Medical Director of the International 

Petroleum Company in Peru, and Dr. Enri- 

que Hrdalo, of the Braden Copper Company 

in Chile, all stressed the preventive aspects 

of their programs. Their major emphasis 

was on constructive medicine, in which an 

attempt is made not only to prevent disease 

but also primarily to improve the health of 

the worker, his family, and the community 

in which he lives. Programs of this nature 

are readily carried out in areas where the 

industry is the sole employer and furnishes 

housing, education, and medical care to the 

entire community. For example, at the 

Braden Copper Company, which employs 

approximately 5000 workers, medical care 

is furnished to some 20,000 persons. To do 

this adequately, the company maintains a 

modern hospital of 180 beds, 15 full-time 

and 5 part-time physicians, 3 pharmacists, 

24 graduate nurses, 11 practical nurses, 20 

technicians, 12 statistical workers, and 63 

maintenance personnel, making a total of 

153 people employed in the medical depart- 

ment alone. In the year 1955, nearly 70,000 

medical consultations were given in the hos- 

pital and 7000 in the homes. Approxi- 

mately 12,000 x-rays were taken, and some 

25,000 laboratory examinations were made. 

The preemployment examinations, which in- . 
clude domestic help, showed a rejection of 
7.5%. This Company has an outstanding 
accident and occupational disease control 
program as well as a good public health 
program. 
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Professors Peritz Scheinberg and Simon 
Markovich, of the University of - Miami 
School of Medicine, spoke on the care of 
neurological problems in occupational medi- 
cine and toxicology. The discussion divided 
such problems into two major groups: (1) 
those due to mechanical trauma to the cen- 
tral nervous system and (2) those due to 
intoxication from various chemicals. John 
J. Bloomfield, Regional Consultant in In- 
dustrial Hygiene, of the Institute of Inter- 
American Affairs, described the rapid 
growth of modern occupational health pro- 
grams in Latin America, programs developed 
through cooperation between the United 
States and the neighboring countries to the 
south. 

Next, Dr. Willard Machle, of the Uni- 
versity of Miami School of Medicine, dis- 
cussed environmental and occupational lung 
cancer. Environmental lung cancer has in- 
creased greatly with industrial development. 
Many agents causing lung cancer have been 
identified through epidemiological studies or 
through animal experimentation. Those 
which are suggested as causes of lung can- 
cer through animal experimentation are still 
questionable causes of human lung cancer. 

The mental health and welfare of work- 
ers was discussed by Dr. Esteban Valdés 
Castillo, of the Faculty of Medicine of the 
University of Havana. Dr. Valdés Castillo 
stressed the need to commence from child- 
hood to strengthen the physical and psychic 
health among prospective workers and par- 
ticularly the need to pay attention to voca- 
tional guidance among youth in high schools. 
He also emphasized the importance of 
proper job placement through psychological 
and physical tests given before employment. 

Some time ago there appeared ia the 
literature statements that certain petroleum 
workers, particularly those in the production 
departments, suffered from chronic poison- 
ing. Recent studies by some of the subsi- 
diaries of the Standard Oil Company in 
South America have shown that production 
workers in the petroleum industry experi- 
ence excellent health and that no chronic 
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intoxication is present among them as re- 
ported in some of the earlier studies. This 
is particularly true with regard to blood 
dyscrasias. Dr. Alejandro Castenedo K., 
Medical Director of PEMEX, the govern- 
ment petroleum monopoly of Mexico, dis- 
cussed possible chronic intoxication by hy- 
drocarbons, corroborating the recent work 
on this subject by some of the oil industries 
of South America. 

Professor Vincente Pardo Castellé, of 
the University of Havana, then presented 
a comprehensive paper on occupational der- 
matitis, ranging from etiology to control. 

In a talk on the diabetic in industry 
Prof. Carlos P. Lamar, of the University 
of Miami School of Medicine, pointed out 
that such a worker offers no particular risk 
if he is kept under medical supervision and 
adequate control. He demonstrated that 
untoward reactions can be reduced and the 
worker’s capacity for work increased 
through cooperation among industry, the 
medical department, the worker, and his 
private physician. The growing custom of 
rest periods in the morning and afternoon 
shifts presents an opportunity for the dia- 
betic to eat fruits and other sources of 
carbohydrates, thereby helping him to avoid 
hypoglycemias and to reduce the insulin re- 
quirement. Dr. Lamar showed that there 
is no reason why diabetics cannot be em- 
ployed in industry, since they have an ex- 
cellent work record and have no more 
absenteeism than the normal worker. 

The malaria problem in endemic areas 
was discussed by Dr. Ralph Jones Jr., of 
the University of Miami School of Medi- 
cine, while Dr. J. Walter Beck of the same 
school outlined the problem of schistosomia- 
sis in the Caribbean area. A paper on para- 
sitism among oil workers was presented by 
Dr. Luis Dao, of Venezuela, and an out- 
break of Q fever which occurred in Phila- 
delphia among workers in a wool processing 
plant was reported by Dr. Michael M. Sigel, 
bacteriologist of the University of Miami. 
Dr. Sigel recommended that Q-fever antigen 
be used along with the other available anti- 
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gens of pneumotropic viruses in testing 
sera of all cases of atypical pneumonia and 
undifferentiated infections of the upper 
respiratory tract. Another contribution from 
the University of Miami was that of Dr. 
James Henry Ferguson, head of the Depart- 
ment of Obstetrics and Gynecology, who 
spoke on premenstrual tension and its effect 
upon work capacity. Dr, Ferguson pointed 
out that more than 90% of women suffered 
regularly from this incapacity and that it 
is a much more serious problem than be- 
lieved. 

Two papers were then presented by 
professors of the Faculty of Medicine of 
the University of Havana. One was on the 
treatment of burns, by Dr. Marcelo de 
Caturla, who described modern techniques 
in this field, while the other was a report 
by Dr. Miguel A. Branly on the prevention 
of eye injuries among workers in the sugar 
industry. Eye injuries, both among workers 
in the sugar industry as well as among other 
agricultural workers, ranked third among 
the causes of accidents in these occupations. 

Dr. Michael M. Gilbert of,the University 
of Miami School of Medicine, spoke on 
brain concussion as a result of whiplash 
injuries and its neuropsychiatric sequelae, 
while Dr. Franz H. Stewart presented a 
discussion on occupation and heart disease. 
Dr. Gilbert demonstrated on one of his 
patients the use of carbon dioxide-oxygen 
inhalations in the treatment of possible 
general contusional syndrome. 

Four papers were devoted to traumatic 
conditions in industry. Dr. Alfredo Gon- 
zalez Garcia, of Havana, discussed accident 
statistics in industry, while Dr. John Burch, 
of the University of Miami, talked about 
prevention and treatment of back injuries 
experienced in the Florida Power and Light 
Company. Dr. Herman J. Flax, of Puerto 
Rico, presented an interesting paper on how 
to avoid back injuries, stressing postural 
self-training to avoid back accidents. Prof. 
Harvey Blank, of the University of Miami, 
discussed the latest information on herpes 
traumatic zoster. He demonstrated recent 


advances in research with the zoster varicel- 


la virus and called attention to the role of 
trauma in eliciting zoster. 

Prof. Rafael Pefialver Ballina, of the 
Faculty of Medicine, University of Havana, 
presented a most interesting motion picture 
of a worker employed in a manganese mine 
who had suffered severe manganese poison- 
ing. The picture showed paralysis of the 
lower extremities, rigidity of facial muscles, 
chills, hyper-reflexia and torticollis in the 


patient. The following drugs were ad- 
ministered: edathamil calcium-disodium 
(Versenate), caramiphen hydrochloride 


(Parpanit), mephenesin (Tolserol), ascorbic 
acid preparation ( Natrascorb), and dextrose. 
The motion picture showed how the patient 
recovered almost completely. Dr. Penalver 
stated that experimental investigations are 
in progress to elucidate the mechanism of 
action of manganese intoxication. 

Prof. Francisco Lancis Sanchez, of the 
same faculty, discussed the diagnosis and 
treatment of lead poisoning and stressed 
the use of edathamil (ethylenediamine- 
tetraacetic acid |EDTA]) in the treatment 
of this disease. 

A discussion on the role of the anesthesi- 
ologist in acute poisoning was presented by 
Dr. Robert C. Bartlett, of the University of 
Miami School of Medicine. Dr. Hernan 
Oranguren presented the results of more 
than 4000 x-rays taken of coal miners and 
ceramic workers in Chile. A comparison 
study was made between 70 mm. films and 
ordinary x-ray pictures, 35X35 cm. The 
diagnosis of silicosis was confirmed in 82% 
of the cases by standard x-rays. Dr. Hilton 
Lopez, of Puerto Rico, presented an in- 
teresting discussion of beryllium poisoning. 
This was a paper prepared by Dr. Harry 
Tebrock, Medical Director of the Sylvania 
Corporation, who has had a great deal of 
experience with this very important occu- 
pational exposure. 

The only delegate from the Eastern 
Hemisphere was Dr. Julian Gutierrez del 
Olmo, of Madrid, Spain, who discussed the 
work in his country in the field of radiology 
and silicosis. The subject was also discussed 
by Dr. Harold E. Davis, of the University 
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tional Medicine. 


of Miami, who mentioned the recent work 
in the prevention of silicosis through the 
use of aluminum therapy, and by Dr. Ubaldo 
Roldan, of Mexico, who spoke on the cor- 
relation of clinical and radiological findings 
in silicosis. The last session of the con- 
ference consisted of two papers, one, a 
discussion of acute poisoning by Dr. S. 
Raul Perdomo and J. A. Yerena, of Caracas, 
Venezuela, and the other, a paper by Drs. 
Deichmann and Lampe, of the Pharma- 
cology Department of the University of 
Miami School of Medicine, on the toxicity, 
mechanism of action, and treatment of in- 
toxications by organic phosphates. The fol- 
lowing is the author’s summary of this very 
interesting paper. 

1. Atropine sulfate is still the drug of choice 
in the treatment of an intoxication. Do not give 
this drug to a patient in respiratory distress; ad- 
minister artificial respiration first, then follow with 
atropine. Atropine sulfate should never be given 
for prophylactic purposes. 

2. Morphine and related drugs have no place 
in the treatment of this intoxication. Even thera- 
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peutic doses will depress the respiratory center 
and tend to stimulate the motor centers. 

3. Intravenous fluid therapy is contraindicated 
as long as excessive secretions obstruct the lungs. 

4. An individual, whose red blood cell or plasma 
cholinesterase activity is depressed, is sensitive 
to further depression by any one of the organic 
phosphates. 

5. Personnel engaged in washing and soaping 
of a contaminated patient should be protected by 
rubber gloves and aprons. Organic phosphates 
are rapidly hydrolyzed in the presence of alkali; 
hence addition of sodium bicarbonate or bicar- 
bonate to the water is in order. 

6. And finally, watch a patient constantly for 
a period of 24 to 48 hours, since he may need 
artificial respiration suddenly. 

Several interesting field visits were af- 
forded the delegates and their families. 
These included a visit to the Jackson Me- 
morial Hospital, in Miami, the Seaquarium, 
the Parrot Jungle, and the Serpentarium, 
where venom is produced for therapeutic 
purposes. On Tuesday evening a banquet 
was held for the delegates which was high- 
lighted by a paper prepared by Prof. José 
Pedro Reggi, of Argentina, Director Gen- 
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eral of the American Union of Occupational 
Medicine, and read by Dr. Francisco Lancis 
Sanchez in the absence of Dr. Reggi. 

The committee which organized and con- 
ducted the First Inter-American Conference 
on Occupational Medicine consisted of Dr. 
Homer F. Marsh, who was the director 
general of the Conference, and Dr. Angel 
Pérez André, of the University of Havana, 
who was co-director. Associate directors of 

the Conference were Professors Jones, 
Machle, and Deichmann, of the University 
of Miami, and Professors Castell6, Sanchez, 


and Penalver, of the University of Havana. 
The Council of Industrial Health of the 
American Medical Association was repre- 
sented by Dr. B. Dixon Holland, its Secre- 
tary, while Dr. Rafael Pefialver Ballina, of 
Havana, Cuba, represented the Industrial 
Medical Association. It is planned to hold 
a second conference of this nature in Ha- 
vana, Cuba, in 1958. 


Joun J. BLOOMFIELD 

Institute of Inter-American Affairs 
c/o American Embassy 

Lima, Peru, S. A. 


Inexpensive Scintillation Flask Designed For Radon 
Assay 


A modification of a scintillation flask for 
radon assay has been designed by investiga- 
tors at the Occupational Health Field Sta- 
tion, Salt Lake City laboratory of the 
Occupational Health Program. The cost 
of the modified flask is about $1.50, com- 
pared to $12 for the original flask, designed 
and built by members of the research staff 
of the University of Utah. The University 
of Utah flask was reported by M. Van 
Dilla and D. Taysum in the November, 
1953, issue of Nucleonics. 

Prototype of the scintillation flask de- 
veloped at the Occupational Health Field 
Station was a 2 oz. instant coffee jar which 
was plugged with a two-hole rubber stop- 
per coated with Tygon paint. The “coffee- 
counter” has been found to be as sensitive 
as later and more refined models. 

The scintillation flask designed and built 
at the University of Utah is essentially a 
vacuum flask with a set of high-efficiency 
valves. Unfortunately the valves become 
less efficient with use, and eventually the 
results become erratic. Thus, under these 
circumstances investigators cannot be sure 
that the air in the flask is representative of 
the working environment. 


To overcome the problem of obtaining 
accurate samples, the modified flask shown 
in the Figure was built. 

The modified radon scintillation flask has 
been designed so that it may be flushed with 
air which is being sampled. With a suff- 
cient number of air changes (20 to 30) 
a representative sample is assured. 
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The interior surface of a 125 ml. Erlen- 
meyer flask was coated with silicone grease 
and then dusted with a zinc sulfide phosphor 
(RCA 33-Z-20A). The flask was capped 
with an assembly composed of two brass 
tubes soldered to a brass cap. The entire 
cap assembly was cemented to the top of 
the flask with Armstrong A-1 adhesive or 
the equivalent. Two short lengths of rub- 
ber tubing were cemented to the brass tubes, 
and finally a standard Hoffman screw clamp 
was added to seal the flask. 

No studies were made to determine the 
optimum flask size. An overly large flask, 
however, would decrease sensitivity by pre- 
senting a path longer than the maximum 
range of alpha particles. Statistical errors 
of counting, on the other hand, would in- 
crease as the size of the flask decreased. 


Pacific Northwest Industrial Health Conference: 
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The container size as finally selected is 
sufficiently sensitive to permit the counting 
of radon in concentrations as low as 50 
micromicrocuries per liter of air. Its trial- 
and-error size was determined to some ex- 
tent by the success of the “coffee-counter.” 

Auxiliary air moving equipment is as 
simple as possible, a 2 oz. rubber squeeze 
bulb. In other scintillation flasks a heavy, 
electrically operated vacuum pump has been 
required. The $12 cost of the original flask 
does not include this vacuum pump. 

The modified flask has been found satis- 
factory for all operations in which the more 
expensive flask was used. 


Howarp L. KusNnetz 
Occupational Health Field Station 
Salt Lake City 


Highlights of the Two-Day Meeting 


The third annual Pacific Northwest In- 
dustrial Health Conference was held Sept. 
10-11, 1956, in Portland, Ore., under the 
sponsorship of the Portland Chamber of 
Commerce and 21 other professional, busi- 
ness, medical, civic, and educational organi- 
zations. Ralph R. Sullivan, M.D., Director 
of the Occupational Health Section, Oregon 
State Board of Health, was chairman of 
the program committee. 

William C. Menninger, M.D., of the 
Menninger Foundation, Topeka, Kan., 
opened the first day’s session with a dis- 
cussion of “Mental Health Problems in In- 
dustry.” Dr. Menninger cited the shortage 
of psychiatrists working with industry and 
the fact that only one school in the country 
trains industrial psychiatrists as important 
factors in lack of knowledge about the mag- 
nitude and nature of the mental health 
problem in industry. He said that many 
psychiatrists are interested in the problems 


of industry but are not well informed about 
them. 

At a later session dealing with “The Men- 
tal Health of the Executive,’ Dr. Men- 
ninger suggested that business leaders must 
have an “uncommon sense” viewpoint, an 
ability to see things that the average person 
cannot, and must develop an understanding 
of personal goals and motivations. Dr. Men- 
ninger predicted that some day simple psy- 
chological tests will be a part of periodic 
examinations, that healthy mental attitudes 
will be just as important as a strong heart, 
excellent digestion, and sound lungs in de- 
termining the health of the “whole worker.” 

“The Role of the Industrial Nurse in the 
Plant Program” was explained by Mrs. 
Mary Delehanty, R. N., Equitable Life As- 
surance Society of the United States, New 
York, who discussed the integration of the 
plant medical department in general and of 
the nurse in particular. She outlined the 
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necessary professional qualifications of the 
industrial nurse and told of the part that 
the well-trained nurse can play in personnel 
relations, safety and accident studies, proper 
placement of the handicapped, and problems 
of plant understanding and morale. Mrs. 
Delehanty was aided in a question-and- 
answer period by Miss Katherine A. Lem- 
bright, Assistant Executive Secretary of the 
Industrial Nursing Section, American 
Nurses’ Association, and W. J. McNamara, 
M.D. of Equitable Life. 

The first afternoon session on “Manage- 
ment, Labor and Medicine” was introduced 
by Jerry McCahan, M.D., of the Liberty 
Mutual Insurance Company, Boston. In- 
dustry, according to Dr. McCahan, is. con- 
cerned with the total health of the worker 
because 90% of disabling injuries occur 
during the waking hours away from work, 
not during the 40 working hours. It was 
brought out that the billions of dollars being 
spent each year on occupational health in the 
form of “fringe benefits,” insurance, and 
medical programs serve to make occupa- 
tional health a problem for unions and the 
community at large as well as for manage- 
ment. 

Lawrence Misner, Administrator for the 
Bakers’ Union Trust Fund, Portland, pre- 
sented a union viewpoint, emphasizing the 
close relationship between a man’s job and 
his total existence. The viewpoint of man- 
agement, as presented by C. Herold Camp- 
bell, Personnel Director of the Pacific 
Power and Light Company, Portland, 
brought out the idea that industrial health 
should aim at maintaining, conserving, and 
improving the health of the worker but that 
industrial health programs and 
should supplement and not replace com- 
munity medical services. 

William Norwood, M.D., Medical Direc- 
tor of the General Electric Company, Han- 
ford Plant, in Richland, Wash., discussed 
the need for preventive maintenance for 
men as well as for machines, as a manage- 
ment responsibility. Maintenance of a high 
health level is vital to the future, he said, 
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when population increases will bring about 
a 40% increase in demand for goods, an 
increase of but 13% in the labor force. 
Most of these new consumers will be too 
young to work, so each member of the 
working population must be prepared to 
produce more. 

A panel discussion on “Where Are We 
Going in Workmen’s Compensation?” was 
moderated by Christopher Leggo, M.D., 
Consultant in Industrial Medicine, Menlo 
Park, Calif. Participants in the panel were 
Dr. McCahan; William Callahan, Commis- 
sioner-Chairman, Administration Depart- 
ment, Oregon State Industrial Accident 
Commission; Fred Packwood, Portland, 
Ore., attorney, and Forrest E. Rieke, Port- 
land industrial physician. The panelists dis- 
cussed the development of compensation 
laws as well as changes in the present-day 
industrial community that may necessitate 
modification of some State compensation 
laws. Industrial developments which have 
occurred since most compensation laws were 
written involve expanded automation, an 
increase in the number of older workers and 
of women in industry, and the increased 
cost of modern medical care. Some of the 
discussants viewed the physician as a key 
person in seeking the solution to the in- 
volved problems of just compensation, 
especially as it relates to smaller plants. 

Dr. MeCahan the 
opening session on Tuesday morning, when 
a panel, composed of Lloyd Farner, M.D., 
Medical Administrative Counsultant to the 
Washington State Division of Vocational 
Rehabilitation; Sherburne Heath, M.D., 
Seattle physician; Wilbur J. Lawrence, 
Seattle attorney, and C. F. Fieke, Oregon 
State Director, Division of Vocational Re- 
habilitation, reviewed “Rehabilitation’s Con- 
tribution to Industrial Health.” 

After explaining some of the problems 
related to rehabilitation, job placement, dis- 
ability benefits, and compensation, Dr. Mec- 
Cahan and his associates discussed the high 
cost of supporting those persons who could 
be gainfully employed, despite handicaps. 
It was reported that 60,000 handicapped who 
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were rehabilitated in 1955 will, by 1960, 
have paid enough in income taxes, alone, to 
pay for their rehabilitation. Dr. Heath dis- 
cussed the need for a unified program of 
rehabilitation, involving physical, emotional, 
and social as well as vocational adjustment. 

An industrial ophthalmologist, Hedwig 
Kuhn, M.D., of Hammond, Ind., presented 
the industrial health aspects of a sight con- 
servation program, emphasizing the need 
of eliminating hazards and of protecting 
workers exposed to some possibility of eye 
injury. 

The final session, conducted by Aram 
Glorig, M.D., Director of Research, Ameri- 
can Academy of Ophthalmology and Oto- 
laryngology, was devoted entirely to prob- 
lems of noise and hearing loss in industry. 
Dr. Glorig explained the medical aspects of 
hearing and the effects of noise on the ear, 
pointing out that hearing loss in the speech 
range is most important as far as industry 
is concerned because of its effect on com- 


Mercury Carrot 


The first day of December has become an 
unofficial holiday in Danbury, Conn., the “hat- 
making capital” of the United States. Last 
December 1st the hatters celebrated the 15th 
anniversary of an agreement banning mercury 
carrot in the preparation of fur for felting and 
the end of mercurialism for workers in the hat 
industry. Two studies published in 1937 and 
1941 by the Division of Industrial Hygiene, 
forerunner of the Occupational Health Pro- 
gram, were instrumental in bringing about the 
adoption of a substitute for mercuric nitrate 
treatment of fur. This article tells some of the 
background and findings of the studies. 


Although men have manufactured felt for 
thousands of years, ever since it was found 
that moisture and pressure made wool pack 
into a heavy cohesive sheet, the use of 
mercuric nitrate to speed the felting of fur 
is a comparatively modern development. 
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Hatters Observe Fifteenth Anniversary of Ban on the 


munication. David DeWeese, M.D., Port- 
land otologist, discussed the problems of 
hearing loss in relationship to nerve damage, 
exposure, and age, suggesting that extent 
of loss can only be determined accurately 
after extensive testing and the taking of a 
detailed history. 

The industrial side of the noise exposure 
was presented by Willson Applegate, in- 
dustrial hygiene engineer with the Oregon 
State Board of Health, who described some 
of the exposure problems noted in Oregon 
plants. 

He outlined conservation programs taken 
by some factories in reducing exposure or 
in providing protection for workers. So 
far, he said, only one Oregon firm has 
initiated a hearing-test program. 

The work of the conference was sum- 
marized in a brief talk by Don Chapman, 
Vice-President of the Equitable Savings 
and Loan Association, Portland, 


In England and France in the 17th cen- 
tury mercury compounds employed in felt- 
ing fur were company or even family 
secrets. In fact, in France the mercury 
solution was called “le secret,’ while in 
England the process was termed “carroting”’ 
because of the orange color acquired by 
the treated fur. 

Mercury has historically been known as 
a dangerous substance. It is named after 
the Roman god-messenger, a tricky char- 
acter, according to mythology, and patron of 
thieves. As long ago as 1000 B. C. the 
Egyptians knew of mercury and its toxic 
properties, and they had little use for it. 

But because of its properties in aiding 
the manufacture of fur felt, mercuric ni- 
trate became the standard felting fluid for 
the hat-making industry all over the world. 
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At the same time mercurialism became a 
characteristic disease of the hat maker. 
Those who did not recognize the tremors, 
short tempers, and occasional hallucinations 
of the hat makers as an occupational ill- 
ness believed the hatters to be insane. The 
“Mad Hatter” of “Alice’s Adventures in 
Wonderland” (Fig. 1), so ably drawn by 
John Tenniel, might well have been the vic- 
tim of mercurialism and the “hatter’s 


shakes.” 


Figure 1 


Prior to World War II more than 30,000 
American workers in the fur-felt and hat- 
making industries were exposed to mercury 
poisoning. About 2000 men and women 
worked in the preparation of the fur felt, 
and the remainder worked in factories 
where the hats were made. 

The Division of Industrial Hygiene of 
the Public Health Service, at that time 
under the U. S. Treasury Department, 
undertook a four-month study of chronic 
mercurialism in the hatters’ fur-cutting in- 
dustry starting in February of 1935. The 


study was made at the request of the Na- 
tional Recovery Act code authority for that 
industry. Results of the study were pub- 
lished in 1937 in Public Health Bulletin 
No. 234. 

This initial study covered 529 men and 
women, 26.4% of the employed fur cutters 
in the United States. They were given 
physical examinations which included x-ray 
studies as well as laboratory tests on blood 
and urine, including tests for mercury. The 
history taken on each individual included 
a detailed report of previous employment. 
Concurrent with the medical phases of the 
study, an engineering investigation was 
made of fur-cutting factories to determine 
processes of manufacture and to investigate 
methods developed for control of mercury 
and dust exposure, In five plants detailed 
measurements of mercury vapor concentra- 
tion, dust counts, and other special en- 
vironmental studies were conducted. 

As a result of this study it was found 
that 43 of the 529 men and women ex- 


amined showed symptoms of chronic mer- 
curialism. Thirty-three cases were classified 
as mild, six as moderate, and four as 


severe. All of the 529 employees were 


exposed to mercury-contaminated atmos- 
phere in concentrations varying from a 
weighted average of 0.6 to 7.2 mg. per 10 
cubic meters of air. The report also noted: 
“From the data obtained it is impossible to 
define a reasonably safe maximum concen- 
tration of mercury in the workroom atmos- 
phere. . . The severity of chronic mercurial- 
ism and percentage of persons affected 
increased with the degree of exposure to 
mercury.” 

The engineering survey made in 1935 
suggested a number of ways in which ex- 
posure to mercury fumes and mercury- 
contaminated dust could be reduced. Sepa- 
ration of operations involving a_ high 
concentration of mercury from those with 
little or no mercury exposure was proposed 
as a method of avoiding factory-wide air 
contamination. At the same time the engi- 
neers suggested that local exhaust ventila- 


87 


4 
- 
= 
“i> 
Cy) =, 
” 
PASS 
e 
| 


tion be designed for those operations that 
produced a high level of mercury fumes 
or mercury-contaminated dust. 

The engineers also emphasized the need 
for good housekeeping practices and pe- 
riodic inspections. 

“It was shown,” said the report, “that 
many of the plants have their operations 
arranged very poorly. Such practice is not 
only inefficient from the standpoint of pro- 
duction but often increases the exposure 
to mercury. 

“The engineering studies indicate that ex- 
posure to mercury can be reduced to less 
than 2.0 mg.’per 10 cubic meters of air 
in all departments of fur-cutting factories.” 

Apparently one of the direct results of 
the publication of Public Health Bulletin 
No. 234 was a request from the Depart- 
ment of Health of the State of Connecticut 
asking the Public Health Service to investi- 
gate health hazards in the back shops of 
hat factories where the treated fur is made 
into a felt cone through matting, wetting, 
and shrinking. This is the first step in the 
making of the hat. 

Both union and industry officials ex- 
pressed their willingness to cooperate in a 
study, and a preliminary survey of the in- 
dustry was made in November of 1937. 
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In January of the next year an intensive 
study of representative plants was under- 
taken by the Division of Industrial Hygiene 
and the Bureau of Occupational Health of 
the Connecticut State Health Department. 

The preliminary study covered 25 plants 
which produced about 55% of all felt hat 
bodies made in the United States in 1937. 
The final engineering study was made in 10 
plants manufacturing 28% of the nation’s 
felt hat bodies, and the medical study in- 
volved 534 workers in five plants making 
8.5% of the hat bodies. 

The engineers found that good house- 
keeping provisions were absent in many 
plants. Most factories were wooden build- 
ings with inadequate natural illumination 
and poor ventilation. 

The fur, already treated with the mer- 
curic nitrate solution at the fur-cutting 
plant, often was stored in poorly lighted and 
ventilated rooms (Fig. 2) where the average 
atmospheric concentration of mercury was 
found to be 4.9 mg. of mercury per 10 
cubic meters of air. 

The breaking open of the bundles of cut 
fur after removing them from storage pro- 
duced a high level of mercury in the air 
and also released many tiny particles of hair 


into the working atmosphere. In one in- 
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Figure 3 


stance (Fig. 3) an attempt was made to 
protect the worker with a mask. This pro- 
tection could be effective in removing dust 
from the breathed air but useless so far as 
giving protection from mercury. 


After being mixed and weighed the fur 
is dropped onto a perforated cone and 
held there by suction. The cone is then 
wrapped with damp burlap, and a metal 


cover is placed over it. The entire cone, 
fur, burlap, and cover are placed in hot 
water, about 70 C, and the fibers form a 
loose mat which can be peeled off (Fig. 4). 
This is the first step in the actual shaping 
of the hat body. The engineering survey 
showed that the atmosphere in this coning 
area averaged 2.7 mg. of mercury per 10 
cubic meters of air. 


Figure 4 


; OCCUPATIONAL HEALTH NEWS i 
f 
- 4 e 
« 


The loose cone-shaped felt is worked, 
kneaded, and shrunk down to hat-body di- 
mensions, dyed, sized, or stiffened as re- 
quired, dried, and then carefully sanded to 
give the familiar smooth felt finish of the 
completed hat. 

Both the coloring and drying operations 
showed high concentrations of mercury in 
the atmosphere, 4.3 mg. per 10 cubic meters 
for the former and 4.9 mg. per 10 cubic 
meters for the latter. 

The medical examinations, similar to 
those done in the fur-cutting industry in 
1935, resulted in the diagnosis of 59 cases 
of chronic mercurialism in the 534 hatters 
examined. Four of 21 men in the mixing 
and blowing operations, 8 of 34 coners, 6 
of 29 hardeners, and 33 of 179 hatters on 
the shrinking, coloring, sizing, and drying 
operations showed one or more of the 
familiar symptoms of the hatters’ occupa- 
tional illness. 

The medical investigation was augmented 
by interviews with 27 private physicians liv- 
ing in the Danbury, Conn., area, who re- 
ported treating about 30 cases of mercurial- 
ism in the 12 months that ended in April 
of 1938. 
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O-H-N Notes 


A joint meeting of the Texas Industrial Nurses’ Association and the 


The ultimate findings were similar to 
those shown in the 1935 study of the fur- 
cutting industry, that the incidence of 
chronic mercurialism is roughly propor- 
tional to the atmospheric mercury exposure 
and above a concentration of 1 mg. per 
10 cubic meters of air increases with dura- 
tion of employment. The report also stated 
that 1 mg. per 10 cubic meters of air proba- 
bly represents the upper limit of safe 
exposure. 

In concluding, the report stated: 

“The universal use of a nontoxic car- 
roting agent for the treatment of furs 
appears to be the only direct method for 
the prevention (and control) of mercurial- 
ism in the hatting industry. Until this is 
practicable, control of mercurialism must 
depend upon measures to prevent the escape 
of mercury-impregnated dust and the vola- 
tile mercury compounds from carroted fur, 
hat bodies and water surfaces.” 

Less than a year after the printing of 
Public Health Bulletin No. 263 hat manu- 
facturers in 26 States reached a mutual 
agreement to stop using mercuric nitrate 
for carroting of fur. A nontoxic carroting 
agent was substituted. Mercurialism has 
disappeared from the industry. 


Texas section of the American Industrial Hygiene Association has been 
set for Feb. 23 and 24, at Fort Worth. Theme of the meeting is “Health 
Problems in Industry.” Speakers will include Harold Beasley, M.D., 
Ophthalmologist, Fort Worth; Donald J. Birmingham, M.D., Chief Der- 
matologist, Occupational Health Field Headquarters, Public Health Serv- 
ice, U.S. Department of Health, Education, and Welfare, Cincinnati, 
Ohio; Clark Hickman, Health Physicist, Fort Worth, and V. C. Baird, 
President of the Texas Industrial Medical Association, Ted Lace, M.D., 
Fred Temple, Engineer, and J. L. Budros, Personnel Manager, all of 


Convair at Fort Worth. 
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THE MENACE OF ALLERGIES 


WHAT WE KNOW ABOUT ALLERGY y , 
by Louis Tuft, 12 pages, 15 cents (tL Ss= A Specialized Soap to Meet Every 
: Type of Plant Requirement! 
FOOD ALLERGY 
by Samuel M. Feinberg, M.D., 6 pages, 10 cents Whether for light, heavy or extra heavy duty, for 
general plant or office use, or to solve specific 
cleansing problems, our more than 40 years of 
experience in serving industry is at your service. 
Your inquiries will receive prompt and intelligent 
attention! 


SKIN ALLERGY 
by Samuel M. Feinberg, M.D., 6 pages, 10 cents 


ASTHMA AND HAY FEVER 
by Samuel M. Feinberg, M.D., 6 pages, 10 cents 


LIGHTFOOT SCHULTZ COMPANY 


AMERICAN MEDICAL ASSOCIATION 380 MADISON AVENUE — NEW YORK 17,N. Y. 


535 North Dearborn Street @ Chicago 10 @ Illinois | 


A.M.A. SPECIALTY JOURNALS REACH THE CORE OF SPECIALIZED 
PRACTICE . . . Subscribe NOW to: 


> A.M.A. Archives of INTERNAL MEDICINE 
> A.M.A. Archives of PATHOLOGY 
> A.M.A. Archives of OPHTHALMOLOGY 


THE AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street 
Chicago 10, Illinois 


SHELDEN 


INSERT GUIDE NEEDLE, TROCAR-TUBE: REMOVE NEEDLE — THAT'S ALL! 


n AMust for eats - Before using, see complete Pa with Tracheotome 
Anesthesiologists - Available through Surgical Supply Dealers 


Hospitals. R.A. DIVISION Sierra Engineering Co 
Shown above: Complete assembly and replaceable components | WRITE FOR FREE CATALOG 123 E. MONTECITO AVE., SIERRA MADRE, CALIF. 


Powdered 

Soap i. 

Liquid EVERY TYPE OF Bar 

i 

Of interest to you Soap SKIN CLEANSER Soap 
a 

and your patients — 

all three from row 

/ material to finished product! 
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In Colds. @ @ Anywhere... Any time... 


Neo-Synephrine 


Prompt and Prolonged Decongestion 
Sinus Drainage and Aeration 


NO IRRITATION - NO SEDATION. - NO EXCITATION 
In practically all patients 


Nasal Solutions 0.25%, 0.5% and 1% 
% Nasal Spray 0.5% 


leakproof, delivers 
% Pediatric Nasal Spray 0.25%,§ 
with Zephiran® chloride 1:5000, 


antibacterial wetting agent and preservative 
for greater efficiency 


Neo-Synephrine (brand of phenylephrine) 
and Zephiran (brand of benzalkonium, LABORATORIES 


as chloride, refined), NEW YORK 18, N. Y. * WINDSOR, ONT. 
trademarks reg. U.S. Pat. Off. 
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